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I N T R O D U C T I O N
VARIOUS STUDIES ON LIVER DISEASE
This th e s is  c o n s is ts  of one c l in ic a l  and four experim ental s tu d ie s  
of various a sp ec ts  of l iv e r  disease* The f i r s t  of these mas c a rr ie d  
out between 1947 and 1950 when I  was a  re s id e n t medioal o f f ic e r  in  
B elv idere  In fec tio u s  D iseases H o sp ita l, Glasgow, and comprises an 
in v e s tig a tio n  in to  the hepatic  le s io n s  found in  a s so c ia tio n  w ith  in fe c ­
tio u s  d iarrh o ea  and vom iting of in fan ts*  At th a t  tim e, compared w ith 
re c e n t y e a rs , th i s  was a r e la t iv e ly  le th a l  d isease  and I  had the oppor­
tu n i ty  to  carry  out numerous au topsies on f a ta l  cases* One was 
impressed by the se v e rity  of f a t ty  change in  the l iv e r s  of many o f these 
babies* The possib le  importance of th is  was freq u en tly  emphasized by 
the absence o f o ther gross morbid changes* This led  me to  undertake a  
c l in ic a l  study of the l iv e r  in  in fa n ti le  g a s tr o - e n te r i t i s ,  u sing  various 
l iv e r  function  te s t s  and l iv e r  biopsy* Attempts a re  made to  r e la te  the 
r e s u l t s  to  various other c l in ic a l  fe a tu re s  and, in  p a r t ic u la r ,  to  the 
n u t r i t io n a l  s ta te  of the p a tien t*  The e f fe c t  of various l ip o tro p ic  
f a c to r s ,  the value of which a t  the time of the in v e s tig a tio n  was mostly 
c o n tro v e rs ia l, i s  a lso  studied* Note i s  made of the in frequen t occurr­
ence of l iv e r  n ecro sis  as a com plication of th is  in fe c tio n , and various 
minor h epatic  changes a re  described*
V fy  in te r e s t  in  l iv e r  d isease has continued during the p a s t te n  years 
during  which I  have held appointments in  the pathology department of 
Glasgow Royal Infirm ary* My f i r s t  experim ental p ro je c ts  were
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in vestiga tion s in to  the e ffe c t  of in fection  and s tr e ss  on the liv e r s  o f  
rodents * including the influence of adrenal medullary c o r tica l  
hormoneso Ho notable re su lts  having been obtained* i t  was decided to  
in v estig a te  the e ffe c t  of cortisone and corticotrophic hormone* which 
had recen tly  become available for experimental work* on hepatic cirrhosis  
induced by carbon tetrachloride* Neither hormone seemed to influence  
the development o f the lesion  and th is was thought a t f ir s t  to  lend 
support to  the idea of passive condensation of hepatic stroma in  the 
pathogenesis of cirrhosis* Two further experiments were then undertaken 
to  study the nature of the hepatic fibrous tissu e  direotly* F irstly *
the c irrh o tic  l iv e r  has been studied by autoradiography follow ing admini-
35s tra tio n  of S -la b e lled  sodium sulphate to detect newly-formed sulphated 
mucopolysaccharide* Secondly* the Coons' fluorescent antibody technique 
has been used to determine the antigenic nature of the connective t issu e  
in  cirrhosis*  using antibodies to glomerular basement membrane and granu­
la tio n  tissu e  from quartz granulamata* These experiments and their  
r esu lts  are se t  out and discussed in  Fart II*
Preliminary work with cortisone and ACTH suggested that these 
hormones were deleterious to the acute hepatic le s io n  induced by a s in g le  
dose o f carbon tetrachloride* Experiments leading to confirmation of 
th is  are described in  Part III* Included a lso  in th is part* are stud ies  
on the in fluence of the same hormones on the damage induced by several 
other hepato-cellu lar poisons*
Tritium -labelled thymidine has become available recently* and i t s
use in  in v e s tig a tin g  l iv e r  regenera tion  i s  described in  P a r t 17* 
Thymidine i s  u t i l i z e d  exclusive ly  in  the syn thesis  o f  deoxyribonucleic 
ac id  and autoradiographs of regenera ting  l iv e r  from animals so tre a te d  
show p o s itiv e  images over newly-formed c e l l  n u c le i. This work is  s t i l l  
in  progress* but the re s u l ts  so fa r  obtained are  thought to  have s u f f ic ­
ie n t  in te r e s t  fo r  in c lu s io n  in  th is  th esis*
P a r t  Y i s  a lso  an autoradiographic study of liv e r*  in  th is  in stan ce  
fo llow ing  the ad m in istra tio n  o f S ^ - l a b e l l e d  methionine and cystine*
The uptake o f these  la b e lle d  amino-acids was s tu d ied  in  experim ental 
l iv e r  in ju ry*  p a r t ic u la r ly  th a t induced hy two methionine an tagonists*  
e th ian in e  and bromobenzene*
Since th ese  s tud ies  on l iv e r  d isease  are not a l l  c lo se ly  re la ted *  
the r e s u l t s  of each p a r t are  discussed and summarized separate ly*  I t  
was considered th a t  the f ig u res  and ta b le s  would be followed mare re a d ily  
by p lac in g  them in  a  sep ara te  volume*
P A R T  I
HEPATIC LESIONS IN INFANTILE GASTRO-EHTERITIS
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HEPATIC LESIONS IN INFANTILE GASTRO-SHTBRITIS
INTRODUCTION
Post-mortem examination of in fa n ts  who have died  of in fe c tio u s  
d iarrhoea  and vomiting* so -ca lle d  " g a s t r o - e n te r i t i s ” * freq u en tly  rev ea ls  
severe f a t ty  change of l iv e r  which may he a l l  the  more conspicuous fo r  
th e  absence of o ther obvious morbid anatom ical le s io n s * Consequently* 
i t  has been noted by many authors in  th e ir  d e sc rip tio n s  of th is  d isease* 
such as Nabaxro (1923); Cooper (1937); Lowdon (1954)• Same have regarded 
f a t ty  l iv e r  a s  a  serious com plication responsib le  fo r  re lap se  o r even 
death  (P aterson  & Nabarro* 1922$ Alexander & E iser*  1944)* but d id  not 
support such a  presumption with c l in ic a l  evidence of h ep a tic  dysfunction* 
Attempts to  evaluate  the importance of hepatic  s te a to s is  in  in fa n ti le  
g a s t r o - e n te r i t i s  have been ca rried  out by a  few workers* e*g** Marie e t  
a l * (1947); Levesque e t  a l * (1947)* bu t conclusions were based on small 
numbers o f autopsy re su lts*  l i t t l e  or no attem pt having been made to  
study l iv e r  s tru c tu re  or function  during  l ife *  Modrewska-Winowska 
(1954) noted f a t ty  change* s id e ro s is  or ro u n d -ce ll i n f i l t r a t i o n  of l iv e r  
in  109 cases of in fa n ti le  cachexia; in  common w ith  many o ther authors* 
she a t t r ib u te d  s te a to s is  to  d efic iency  of p ro te in  or s p e c if ic  l ip o tro p ic  
fac to rs*  b u t suggested th a t  minor degrees o f f a t ty  change could be caused 
by in fe c tio n  p er se or by a  d ie t  r ic h  in  f a t  or carbohydrate* More thorough 
s tu d ie s  using  sp e c if ic  l iv e r  function  te s t s  and l iv e r  biopsy were under-
-  6 -
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taken  by Meneghello e t  al*  (1949) and by Albeggiani (1954), but th e i r  
p a t ie n ts  appear to  have had a  m ultiple defic iency  syndrome analagous to  
kwashiorkor r a th e r  than in f a n t i le  d iarrhoea and vom iting as known in  th is  
countryo Stowens ( i 960) s tud ied  various l iv e r  d iseases  in  1,000 young 
c h ild re n  using  needle biopsy* Thirty-one of these p a tie n ts  had mal­
n u t r i t io n ,  and b r ie f  re ference was made to f a t ty  change a sso c ia ted  w ith 
s ta rv a t io n ;  th i s  change developed from the p e r ip o r ta l zones of l iv e r  
lo b u les  and was ex tensive w ith in  th ree  days of i l l n e s s ,  bu t reg re ss io n  
fo llow ing  the establishm ent of a  normal d ie t  was a  much slower process* 
The p resen t in v e s tig a tio n  i s  based on a study of I 67 in fa n ts ,  131 w ith 
g a s tr o - e n te r i t i s  and the remainder w ith o ther conditions* Needle biopsy 
o f the  l iv e r  was c a rrie d  out in  every case , and in  many th is  procedure 
was rep ea ted  on one or mare occasions* In  th is  way attem pts a re  made to  
a sse ss  the  importance of f a t ty  change o f l iv e r  in  these  in fa n ts  and to  
c o r re la te  i t s  s e v e r ity  w ith various c l in ic a l  m an ife sta tio n s, l iv e r  
fu n c tio n  t e s t s ,  prognosis and treatm ent including lip o tro p ic  therapy*
In  c o n tra s t to  f a t ty  change, l iv e r  necrosis  has been described  as a  
com plication of in fa n ti le  d iarrhoea and vomiting (Schlesinger e t  a l* ,  
1949)* The p resen t s e r ie s  includes th ree  possib le  c a se s , a  low incidence 
compared with the numbers quoted by Bonham-Carter (1947) and Wainwright 
(1950)* The co n d itio n  has been mentioned frequen tly  in  review a r t i c le s  
on g a s tro —e n te r i t i s  u su a lly , as in  the instance of f a t ty  l iv e r ,  in  a  
r a th e r  s u p e r f ic ia l  way; indeed, some authors have made no c le a r  d is t in c ­
t io n  between l iv e r  necrosis  and f a t ly  l i v e r ,  e*g#, Gunn (1945)5 G iles and
Sangster (1948) 5 G iles e t  a l * (1949); Lawson (1951) 5 Mann e t  a l*  (1952)* 
The th ree  cases in  th is  study have v a ried  h is to -p a th o lo g ic a l fe a tu re s  and 
th e i r  re la tio n s h ip  to  g a s tr o - e n te r i t i s  i s  uncerta in*
METHODS
The cases cm which th is  in v e s tig a tio n  i s  based were adm itted  to  the 
g a s tr o - e n te r i t i s  u n it  of B elvidere In fe c tio u s  D iseases H o sp ita l, Glasgow, 
during a two-year period* Since a l l  biochem ical and h is to lo g ic a l  
procedures were ca rrie d  out w ithout tech n ica l a s s is ta n c e , the 167 cases 
were not consecutive adm issions, but were divided in to  s ix  groups,, each 
of 25 consecutive ca se s , and a f in a l  group o f 17* Study of a  new group 
was not undertaken u n t i l  the in v e s tig a tio n s  req u ired  fa r  the previous 
group were almost complete* In  a d d itio n , 10 p a tie n ts  were in v e s tig a ted  
again  when re-adm itted  a f t e r  periods o f several months from the times of 
th e i r  o r ig in a l  i l ln e sse s*  None of these  could be regarded as a  re lap se  
of g a s tro - in te s t in a l  in fec tio n *  Consequently th is  study i s  based on 177 
oases o f i l ln e s s  in  I 67 p a tien ts*
One hundred and th irty -o n e  of these 177 cases had g a s tr o - e n te r i t i s ;  
32 had in fe c tio n s  o ther than g a s tr o - e n te r i t i s ;  14 had no d e tec tab le  
in fec tio n *  Sixty-seven of 131 g a s tro -e n te r i t is  cases were com plicated 
by a  p a ren te ra l in fec tio n *  D iagnostic d e ta i ls  a re  given in  Table I*
The is o la t io n  of pathogenic s tr a in s  of Bact* c o li  was not a v a ila b le  as a  
ro u tin e  b a c te r io lo g ic a l procedure during  the g re a te r  p a rt of the in v e s t i ­
g a tio n , but p o s itiv e  r e s u l ts  were obtained l a t t e r l y  frcxa a l l  cases d iag -
nosed as g a s tr o - e n te r i t i s  on c l in ic a l  grounds* I t  i s  no t d i f f i c u l t  to  
recognize m oderately or sev ere ly  i l l  cases who su ffe r  from w atery 
d iarrhoea w ith green or orange-coloured s to o ls ,  vom iting of v a r ia b le  
s e v e r i ty ,  dehydration and toxaemia* Mild oases a l l  had d iarrhoea  w ith  
green s to o ls  but l i t t l e  or no toxaemia or vom iting and no dehydration*
The follow ing were not c la s s i f ie d  as g a s t r o - e n te r i t i s t
(1) Very mild cases o f d iarrhoea which co -ex isted  with obvious 
p a re n te ra l in fe c tio n  and which c leared  up w ith  su ccessfu l treatm ent of 
th a t  in fe c tio n  by sulphonamides or a n tib io tic s *
(2) Very m ild cases o f d ia rrh o ea , in  in fa n ts  who were w e ll otherw ise, 
which c leared  up when the d ie t  normal fo r  the p a t i e n t 's  age and expected 
weight was supplied*
The treatm ent of g a s tro - e n te r i t i s  in  th is  s e r ie s  followed g en era lly  
accepted p rin c ip le s*  In  p a r t ic u la r ,  the methods recommended by Alexander 
(1948) were carried  o u t ,  e sp ec ia lly  w ith  regard  to  i n i t i a l  s ta rv a tio n  and 
gradual re tu rn  to  normal feed s; r e l i e f  of dehydration by intravenous 
in fu s io n s , o r ,  in  the case of very  small in fa n ts ,  in tram edullary  in fu s io n s; 
treatm ent of p a re n te ra l in fe c tio n  w ith  sulphonamides and a n t ib io t ic s ;  
prevention o f  c ro ss - in fe c tio n  as f a r  as was p ra c tic ab le  w ith the lim ited  
nursing s t a f f  a v a ilab le  and the disadvantage of an open ward* The f lu id s  
fo r  p a re n te ra l in fu s io n  were e i th e r  Hartmann's so lu tio n  d ilu te d  w ith an 
equal volume of 5$  glucose or re c o n s titu te d  human plasma s im ila r ly  d ilu te d . 
P in t doses of these f lu id s  were given a lte rn a te ly *  Whole blood in  
q u arte r and h a lf  p in t amounts was transfused  to  a  few babies w ith anaemia
-  10 -
which became ev iden t a f t e r  the r e l i e f  of dehydration* The ad m in is tra tio n  
of f lu id  subcutaneously w ith  hyaluronidase to  a id  d isp e rs io n  was abandoned 
as u n sa tis fa c to ry  a f t e r  a few attem pts*
C erta in  cases received  streptom ycin , 1-2 g* d a ily  by mouth fo r  6 to  
14 days, sometimes w ith  marked c l in ic a l  improvement* Others received  
o ra l aerosporon in  100 to  200 mg* doses fa r  s im ila r  p e rio d s , but w ithout 
e ffec t*
Carob f lo u r  was used in  sev era l severe cases includ ing  four members 
of the  p resen t series*  This trea tm en t was soon abandoned s in ce  no case 
showed any improvement ap a rt from a l te r e d  consistency o f the stoo ls*
P a tie n ts  were discharged home only when they were ab le  to  r e ta in  a  
f u l l  d ie t  fo r  2 to  3 days without reourrenoe of d iarrhoea or vomiting*
In  a d d itio n  to  ro u tin e  therapy , c e r ta in  b ab ie s , as a lread y  in d ic a ted , 
reoeived  one of the follow ing substances whioh might be expected to  e x e rt 
some lip o tro p ic  ac tio n ;
(1) Dl-Methionine (22 cases)* 0*23 g* of the white powder was 
dissolved in  two of the daily  feeds and administered daily  far 6 to 8 
days*
(2) Choline ch lo ride  (3? cases)* A 5i° aqueous so lu tio n  was 
prepared and added to  4 d a ily  feeds* In  a few cases w ith severe vom iting 
i t  was mixed w ith  the glue os e-Hartmann in fu sio n  f lu id  u n t i l  the p a tien ts  
could r e ta in  a  su b s ta n tia l  amount of f lu id  o ra lly *  The dose by e ith e r  
method d id  not exceed 100 mg*/Kg* body weight/day* Thus, a  13 lb* ch ild  
received  16 ml* 5$  choline in  one p in t  of in fu s io n  f lu id  or 4 ml* in  each
11
of four feeds d a i ly * This treatm ent was continued fo r  7 14 days*
(3) Casein hydro lysate  (14 c a se s )•  Three p a tie n ts  rece iv ed  o ra l 
case in  hydro lysate  fo r  2 days, 2 days and 7 days resp ec tiv e ly *  The dose 
was 5 in  each feed , 1 feeds being given daily*  A ll th ree  (as w ell as 
some o thers no t included in  th is  s e r ie s )  to le ra te d  th ese  feeds very  bad ly ; 
consequently , the method was discontinued*
Eleven o thers received  the hydrolysate by intravenous drip*
"Casydrol” d ilu te d  w ith  an equal volume of 3i° glucose was s u b s titu te d  fo r  
d ilu te d  plasma in  the scheme already outlined* The longest du ra tio n  of 
th is  therapy was 6 days* In  most cases i t  was d iscontinued a f t e r  a  few 
days because of lo c a l venous thrombosis*
(4) Crude l iv e r  e x tra c t  -  "Heparglandol B" (Roche) (9 cases)*  This 
e x tra c t  i s  claimed to  be r ic h  in  Vitamin B complex including  an eu rin e , 
r ib o f la v in e , n ico tinam ide, pyridoxins and pantothenio acid* 0*5 ml* was 
given by in tram uscular in je c t io n  d a lly  fo r 7 to  14 days*
(5) Vitam in B compound -  ’’Oral Hepatex'1 (Evans Medical Supplies)
(4 cases)* This includes Vitamin B ^ ,  6 pg* per mlo One h a lf  teaspoon­
f u l  was given th r ic e  d a ily  fo r 14 days*
(6 ) In o s i to l  (3 cases)*  Each case received  100 ml* by mouth twice 
d a ily  fo r  14-15 days*
(7) Pantothenic ac id  (6 cases)* 23 mg* was given by mouth twice 
d a ily  fa r  7-9  days* v
(8 ) Pyridoxine (3 cases)*  This was adm inistered o ra lly  in  10 mg* 
doses twice d a i ly  fo r 14 days*
-  12 -
(9) Riboflavin© (4  oases)* Each case received  1 mg* th r ic e  d a ily  
by mouth fo r  14 days*
C lin ica l examination on admission and da ily  thereafter during the 
acute i l ln e s s  included a careful search for parenteral in fe c tio n ,  
esp ec ia lly  in  lungs and middle ears* To avoid excessive cath eterization  
of female p a tien ts , evidence of urinary in fection  was sought only in  
specimens removed for in vestigation  of ketonuria, etc* (see below), and 
exceptionally  in  cases o f unexplained pyrexia* C lin ica l assessment of  
tbs severity  o f toxaemia and dehydration was recorded each day, as w ell 
as frequency of vomiting, numbers and character of the s to o ls ,  and liv er  
s iz e  as estimated by palpation and percussion* Records were kept of 
f lu id  intake and the ca lor ie  value of retained food and parenteral flu id*  
Rectal swabs were examined b a cter io log ica lly  for sp e c if ic  sh ig e lla  
and salmonella in fec tio n s, and the appropriate treatment undertaken in  
p o sitiv e  cases* Same sto o ls  were examined for Giardia Lamblia but no 
case of th is  in festa tio n  was found* Capillary blood from the heel was 
taken far haemoglobin and blood c e l l  in v estig a tio n s, both on admission 
and follow ing the r e l ie f  of dehydration* The tuberculin j e l ly  skin te s t  
was done in  each case* In many, the g e la tin  film  d igestion  t e s t  far  
trypsin^in faeces was performed and was always p o sitiv e ; the value of 
th is  i s  now d iscred ited , but no case of f ib ro -cy stic  disease o f  pancreas 
was discovered a t autopsy* Other sp ecia l investigations such as urine 
cu ltu re, X-ray examination of chest, examination of cerebro-spinal f lu id  
and sero log ica l te s ts  for syp h ilis  were undertaken i f  indicated*
Liver biopsy was performed in  the e a r ly  a fte rnoon . At 10*00 a.m . 
on the same day, 10-20 ml. whole blood was withdrawn from the su p e rio r 
s a g i t t a l  sinus and sub jected  to  various l iv e r  function  t e s t s  and o ther 
biochem ical procedures. These were as fo llow s:
(1) Prothrombin time* The one-stage technique devised by Quiok
e t  a l .  (1935)> bu t u sing  Russel v ip er venom as a source of throm boplastin , 
was employed* Normal c lo t t in g  time was taken as 23 seconds ± 5 seconds, 
confirmed by observations on normal sera*
(2) Serum b iliru b in *  "D irec t” and " In d irec t"  Van den Bergh 
reac tio n s  were performed and to ta l  b i l i ru b in  estim ated roughly by means 
of a  Lovibond compaxitor*
(3) Plasma protein*  Only to ta l  p ro te in  estim ations by the  copper 
su lphate  method were ob tained .
(4 ) Thymol tu rb id i ty  (MacLagan, 1944*)*
(3) Serum c o llo id a l  gold rea c tio n  (MacLagan, 1944b ) .
(6 ) Takata-Ara reac tio n  (Ucko, 1942)*
(7) Blood sugar (Polin  and Wu)*
(8 ) T o ta l serum c h o le s te ro l .  The co lo rim etric  method of Saokett 
(1925) was employed, using a  "o n e-ce ll"  p h o to e lec tr ic  colorim eter*
( 9 ) Serum ch o les te ro l e s te r s .  Free ch o le s te ro l was p re c ip ita te d  
by 1io a lco h o lic  so lu tio n  of d ig i ta n in ,  the e s te rs  ex trac ted  with ho t 
petroleum e th e r and q u an tita ted  as fo r to t a l  cho leste ro l*
(10) Serum phospholipid (Youngburg & Youngburg, 1930s normal plasma 
lev e ls  by th is  method a re  300-350 mg* in  each 100 m l*).
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( l )  to  (4 ) were undertaken a t  the time of i n i t i a l  l iv e r  b iopsy  in  
a l l  oases and the remainder in  some cases only*
U rinary examination on the days of l iv e r  biopsy included q u a li ta ­
t iv e  t e s t s  fo r th e  presence of reducing substances, b i l i r u b in ,  u ro ­
b ilin o g en  and ketone bodies* C atheter specimens were obtained from 
female in fan ts*
A few minims of syrup of ch lo ra l were given one hour before  l iv e r  
biopsy* No attem pt was made to  undertake the operation  on any baby who 
was g ravely  i l l  or in  whom the prothrombin time exceeded 40 seconds*
L iver was obtained by a tro ch ar and cannula introduced through the 
n in th  in te r - c o s ta l  space in  the r ig h t  m id -ax illa ry  lin e*  Local 
an aes th esia  was obtained by Vfo planocaine in jec ted  in to  skin and sub­
cutaneous t is s u e s  and then down to the p leu ra l su rfaces  of chest w all and 
diaphragm and the l iv e r  capsule* Judging by experience in  a d u lts  and by 
the la ck  of d istu rbance in  many of these small p a t ie n ts ,  an aesth esia  
appeared to  be q u ite  adequate*
No sp e c ia l apparatus such as the Vim-Silverman needle was used*
The simple cannula had an in te rn a l  diam eter of 2 mm* and was 20 cm* long* 
Along w ith the tro c h a r i t  was introduced by a  sharp th ru s t  through the 
an aesth e tized  a rea  and in to  the  l iv e r  fo r a  d istance of to  l w* The 
tro c h a r was then withdrawn and a  clean dry record  syringe of 50 ml* 
capacity  attached* Suction was app lied  as the cannula was advanced 
m edially  and s l ig h t ly  upwards fa r  a fu r th e r  in ch , and m aintained during  
i t s  rap id  withdrawal* In  the m ajo rity  of cases a  su b s ta n tia l  column o f
t is s u e  appeared w ith in  the b a r re l  of the syringe w ith the  in ru sh  of a i r  
which follow ed the withdrawal of the cannula*
The operation  i s  easy to  perform  and causes l i t t l e  or no generalized  
upset*  P ossib ly  i t  i s  e a s ie r  to  ob ta in  l iv e r  in  th is  way from in fa n ts  
compared w ith a d u l ts ,  s in ce  a  s u ita b le  quan tity  was obtained in  95$  oases* 
(The percentage f a i lu r e  in  ad u lts  by the same method is  u su a lly  much 
h igher than  570© One ch ild  developed pneumothorax as a  r e s u l t  of the 
p rocedure, bu t recovered* No death could be a t t r ib u te d  d i r e c t ly  to  the 
opera tion ; and the death  r a te  fo r  the experim ental group was no higher 
than  th a t  fo r  o ther p a tie n ts  during the same two-year period* There was 
no s ign  of in te rn a l  haemorrhage in  any case which came to  autopsy a t  a 
l a te r  date* H is to lo g ic a l examination of the l iv e r  a t  the s i t e  of punc­
tu re  was c a rr ie d  out in  such cases* As shown in  Figures 1 and 2 , the 
needle tra ck  i s  f i l l e d  w ith f ib r in  and surrounded by a  th in  zone of 
n e c ro tic  l iv e r  parenchyma* In  a few ca se s , b leeding  occurred from the 
cannula on withdrawing the tro c h ar; in  th is  event the cannula was w ith­
drawn q u ick ly , no attem pt being made to  ob ta in  hepatic  t i s s u e ,  and in  no 
case did any i l l  e f fe c t ensue* The cause of f a i lu r e  to  o b ta in  adequate 
t is s u e  in  o th er cases was not apparent*
I t  is  concluded th a t  the operation  is  simple and reasonably  safe  i f  
c a rried  out by an experienced operator* I  had experience of a d u lt  l iv e r  
biopsy and performed the operation  on the cadavers of in fa n ts  on many 
occasions befo re  undertaking the p re sen t in v estig a tio n *
The column of l iv e r  t is s u e  was divided by a sharp s c a lp e l blade in to
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th ree  po rtio n s  and fix ed  in  ( l )  10% n e u tra l fo r  m o l-sa lin e , (2) F le m in g s  
f lu id  and (3) B ouin 's  f lu id *  I f  in s u f f ic ie n t  m a te ria l was a v a ila b le  
only th e  f i r s t  or the  f i r s t  and second of these were used* A fte r  
adequate f ix a t io n ,  a l l  were dehydrated, passed to  p a ra f f in  and 7 P sec tio n s 
cut*
(1) S ections from tis su e  fixed  in  fo rm ol-saline  were s ta in e d  by 
E h r lic h 's  haematoxylin and eosin ; haematoxylin and van Giesan’s s ta in ;  
H eidenhain 's azan m odification  of M allory 's method, o r , in  some c a se s , 
M asson's trichrom e method, fo r  fib ro u s  connective t i s s u e ;  Gordon and 
Sw eet's method fo r r e t ic u l in ;  H eidenhain 's iron  haematoxylin to  show 
m itochondria; Giemsa's s ta in  applied  fo r 24 hours to  show cytoplasm ic 
b aso p h ilia  a sso c ia ted  w ith  r ib o n u c le ic  ac id ; P a r is 's  method fo r  iro n -  
can ta in in g  pigment*
(2) Sections from tis su e  fixed in  Flemming's f lu id  already showed 
f a t  s ta in e d  b lack  by perosmic acid  and some were coun tersta ined  w ith  
safran in *
(3) S ections from tissu e  fixed  in  Bouin 's f lu id  were s ta in ed  fo r  
glycogen by B e s t 's  method, and, in  some cases , by the periodic a c id —
S ch iff  technique*
In  about a th ird  of the c a se s , there  was s u f f ic ie n t  m ateria l l e f t  
over to  f i x  in  form alin  and embed in  g e la tin *  The frozen  sec tio n s  c u t 
on a  m odified Cambridge rocking microtome were s ta in ed  fo r l ip id  w ith 
Sudan IV, Sudan b lack  and N ile blue su lp h a te , the r e s u l t s  being compared 
w ith those obtained w ith  perosmic acid*
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In  a  few cases a  l i t t l e  l iv e r  t is su e  was placed in  n u tr ie n t  b ro th  
and incubated  a e ro b ic a lly  fo r  periods up to  one week a t  37° C* No growth
of organisms was obtained from any of these*
In  a l l ,  354 su ccessfu l b io p sies  were ca rried  out in  167 p a tien ts*
In  a d d itio n , m a te r ia l was obtained from post-mortem examinations in  26 of 
the 47 f a t a l i t i e s  in  the experim ental group* Autopsy was performed as 
soon as p o s s ib le , and in  many cases w ith in  a few hours o f death* Each 
autopsy comprised an examination of a l l  organs, includ ing  middle ears and 
paranasa l sinuses*  In  every case h is to lo g ic a l  examination was under­
taken on l iv e r ,  g a ll-b la d d e r , pancreas, kidneys, stomach, jejunum, ileum , 
co lon , h e a r t ,  lu n g s , cerebrum and cerebellum , p i tu i ta ry ,  th y ro id , thymus, 
a d re n a ls , gonads, spleen and m esenteric lymph nodes* Table I I  g ives the 
numbers of l iv e r  exam inations, both biopsy and autopsy on these p a tien ts*  
G enerally , th e re  was an in te rv a l of two weeks between any two b io p sies  in  
one p a tie n t*  Cases rece iv in g  lip o tro p ic  substances were exami ned immed­
ia te ly  before and soon a f te r  such treatm ent*
RESULTS
(A) F a tty  Change in  Liver
Variable degrees of th is condition were present in  the large major­
i ty  of specimens* Chemical estimations of lip id  were not undertaken and 
the degree of fa tty  change was estimated arb itrarily  from the microscopic 
appearance of tissu e  sections* The following grades were recognisedt
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(1) ++++ The e n tire  l i v e r  parenchyma co n s is ts  o f c e l ls  p a r t ly  or alm ost 
com pletely f i l l e d  with f a t  globules*
(2) +-H- A few c e l ls  co n ta in  no f a t ;  a l te rn a t iv e ly  the m ajo rity  of f a t  
d ro p le ts  a re  small compared w ith the f i r s t  group*
(3) ++ About 3 of each lobule co n s is ts  of fa t- la d e n  c e l l s ;  a l te rn a ­
t iv e ly  many sm all d ro p le ts  have a w ider d is t r ib u t io n  in  the liv e r*
(4 ) + Obvious f a t ty  change is  confined to  2^ °/o of each lobe or a  f in e  
du stin g  o f f a t  i s  seen throughout the lobule*
(3 ) 1 A few d ro p le ts  of f a t  are seen e sp e c ia lly  w ith f a t  s ta in s ,  
although o ften  inconspicuous in  H* & E. sections*
(6) 0 Ho f a t  seen in  H* & E* sec tio n s  and not more than a  very f in e  
deposit d e tec tab le  by sp e c if ic  f a t  s ta in s*
Figures 3 to  21 i l l u s t r a t e  examples of these  grades*
G enerally the parenchymal c e l ls  most heav ily  involved a re  those 
c lo se s t to  th e  p o rta l canals*  O ccasionally the c e n tr ilo b u la r  c e l ls  a re  
most severe ly  a ffe c ted  (Figs* 22 & 23)* S ev erity  was assessed  from the 
preparations showing most f a t ,  g en era lly  the osmium-stained sections*
H* & E. se c tio n s  a re  alm ost as inform ative in  th is  re sp ec t but would be 
m isleading occasionally  (Figs* 24 to  27)* In  some autopsy m ate ria l i t  
was noted th a t  the r ig h t  lobe is  s l ig h t ly  more f a t ty  than the l e f t  (F ig s . 
28 & 29) ;  sec tio n s  of th e  former were used in  the estim ation  of f a t ty  
change, as biopsy m a te ria l was obtained from the  r ig h t  side*
In  most frozen  sec tions tre a te d  w ith  N ile Blue sulphate the  f a t  
s ta in s  pink (Fig* 30), but in  some autopsy specimens i t  appears dark
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purp le  or blue (Fig* 3 1 ), even i f  previous biopsy m a te r ia l  from the same 
case had p in k -s ta in in g  fa t*  According to  some a u th o r it ie s*  e*g** Lorrain 
Smith ( 1908)5 Cain (1947)# n e u tra l  f a t  s ta in s  pink and f a t ty  ac id s  blue by 
th is  method* P ossib ly  some chemical change may occur in  l iv e r  f a t  soon 
a f t e r  death  w ith production of f a t ty  ac id s  fir an trig ly c e rid e s*
The degree of f a t ty  change assessed  in  the manner described  above was 
c o rre la te d  w ith  various c l in ic a l  f e a tu re s t
(1) Age o f p a t ie n t* Table I I I  c o rre la te s  s e v e rity  of hepatic  
s te a to s is  w ith age, re g a rd le ss  o f o ther c l in ic a l  findings*  Extreme 
degrees of f a t t y  change were no t found in  any in fa n t le ss  than 15 weeks' 
old* although such cases were often  o f comparable c l in ic a l  s e v e r ity  to  the 
o lder age groups* Frequently* the l iv e rs  of in fa n ts  who d ied of g as tro ­
e n t e r i t i s  w ith in  the f i r s t  four weeks of l i f e  showed l i t t l e  i f  any s ta in -  
ab le  fa t*
(2) Sex* The se r ie s  comprised 98 males and 79 females* F a tty  
l iv e r  appeared to  be ra th e r  more severe in  females compared w ith male 
p a tie n ts  in  the younger age groups (Table I I I ) ,  but because of the small 
numbers involved these fin d in g s  are probably w ithout s ign ificance*
(5) C lin ic a l d iag n o sis* The re la t io n s h ip  between primary d isease  
and f a t ty  l iv e r  i s  shown in  Table IV* I t  w ill  be seen th a t  a l l  cases of 
the most advanced degree of s te a to s is  were found in  p a tie n ts  w ith g as tro ­
e n te r i t i s  w ith or w ithout p a re n te ra l in fe c tio n ; however, m oderately 
severe s te a to s is  may be found in  a sso c ia tio n  w ith in fe c tio n s  o th er than 
g a s tro -e n te r i t is *  F a tty  change was u su a lly  minimal or absent in  non-
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in fe c tiv e  cond itions which consis ted  of wrong feeding  (9 o a se s) , primary 
megacolon ( l  case) and babies w ith no d e tec tab le  abnorm ality (4 cases)* 
liven among the  l a s t  of these  one had + l iv e r  f a t  and another t  l iv e r  f a t ;  
consequently i t  i s  probable th a t  such minor degrees have l i t t l e  s ig n i­
ficance  *
Reference to  Table I  w i l l  show th a t  the s e r ie s  included examples of 
a  wide v a rie ty  o f p a re n te ra l in fec tio n s*  There was no c o rre la tio n  
between any one type and the sev e rity  of f a t ty  liver*
In  a  few in stances the c l in ic a l  d iagnosis a l te r e d  between l iv e r  
b io p s ie s , w hile autopsy occasionally  revealed  a  p a re n te ra l in fe c tio n  
unsuspected during  l ife *  Table Y shows the r e s u l ts  obtained fa r  a l l  
l iv e r  examinations and from these r e s u l ts  conclusions s im ila r  to  those 
made from the d a ta  on Table IV may be drawn* (Of the 177 ca se s , l iv e r  
f a t  was maximal a t  the f i r s t  examination in  142,  a t  the second examination 
in  27 and a t  the th ird  in  8)o
(4 ) S everity  of symptomso Gross f a t ty  l iv e r  could be expected in  
p a tie n ts  over 6 weeks of age w ith severe symptoms of g a s tro -e n te r i t is *
In  p a r t ic u la r ,  cases w ith frequent vom iting were l ia b le  to  f a t ty  l iv e r ,  
bu t a  few exceptions w ith much f a t  and l i t t l e  or no vomiting were 
encountered* The asso c ia tio n  with se v e r ity  of d iarrhoea was n o t so 
marked, and no re la tio n s h ip  could be es tab lish ed  w ith pyrexia or 
dehydration*
In  those cases subjected  to  repeated  l iv e r  b iopsy , c l in ic a l  improve­
ment was g en era lly  asso c ia ted  w ith dim inution in  l iv e r  f a t  but in  some a
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moderate amount of f a t  remained a f t e r  o l in io a l  oure*
(5) D uration of i l ln e s s  and o l in io a l  r e la p s e * One example of ++++ 
f a t ty  change (Figo 6) was found in  a baby w ith in  24 hours of the onset of 
a  f i r s t  a t ta c k  of g a s tro -e n te r i t is *  I t  is  claimed th a t /  in  adu lts*  
upper abdominal pain  may be caused by s tre tc h in g  o f the l iv e r  oapsule 
from rap id  enlargement o f the l iv e r  due to f a t ty  change (Himsworth, 1947)* 
I t  seems p o ssib le  th a t  in  in fa n ts  too , f a t ty  change may develop compara­
t iv e ly  ra p id ly ,  but in  the p resen t in v e s tig a tio n  no estim ation  could be 
made of r a te  of development since most oases had been i l l  fo r sev e ra l 
days befo re  admission to  h osp ita l*  (The average in te rv a l  between m e e t 
of symptoms and f i r s t  biopsy was 11 days, and between subsequent b io p s ie s , 
12 days)*
In  se v e ra l cases w ith i n i t i a l l y  severe f a t ty  change, rev ers io n  to  
normal as shown by subsequent b io p sies  did not occur in  le s s  than f iv e  
weeks, a lthough the p a tie n ts  were c l in ic a l ly  alm ost w ell fo r  p a rt o f  these 
periods* While the development of f a t ty  l iv e r  imy be ra p id , reg ress io n  
i s  probably a  prolonged process (Figs* 32 to  36)*
Table VI c o rre la te s  se v e rity  of s te a to s is  w ith d u ra tio n  o f i l ln e s s *
I f  f a t a l  cases are excluded, i t  can be seen th a t  those w ith th e  most 
severe f a t ty  l iv e r  i n i t i a l l y  had the longest c l in ic a l  course o f i l l n e s s • 
F ifty -o n e  p a tie n ts  su ffered  one or more re lap ses  o f gas t ro -e n te r l  t  is  * 
As shown in  Table V II, there  is  no obvious r e la t io n s h ip  between the degree 
o f  f a t ty  l iv e r  and the tendency to  relapse* fie lapse can occur In v ery  
young babies in  the absence of f a t ty  liver*
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(6) Body weij&xt* As Table VIII shows, th ere  i s  no obvious r e la t io n ­
sh ip  between f a t ty  l iv e r  and e ith e r  a c tu a l  or expected body weight a t  the 
time of biopsy* Loss of weight between b io p sies  was asso c ia ted  w ith  an 
in c rease  in  l iv e r  f a t  only in  a  m ino rity  o f cases (Table IX)* The most 
severe degrees o f f a t ty  l i v e r  were found g en era lly  in  babies w ith  much 
subcutaneous f a t ;  i f  such cases had lo s t  w eight, th is  might be explained 
in  p a r t  by dehydration*
(7) C alorie in ta k e * Careful records were made of the food in take of 
a l l  p a tie n ts  in  the s e r ie s  during th e i r  s ta y  in  h o sp ita l*  From these the 
d a ily  in take of p ro te in , carbohydrate and f a t  has been ca lcu la ted  in  grams/ 
Kg*/day, and a lso  d a ily  c a lo r ie  d e f ic ie n c ie s . Allowance has been made 
fo r  lo ss  through vom iting, b u t th is  could only be estim ated  roughly; 
moreover i t  is  by no means c e r ta in  how much re ta in e d  food i s  u t i l iz e d  by 
these in fan ts*  The n u tr i t io n a l  value o f transfused  f lu id s  i s  included in  
the ca lcu la tio n s*
The la rg e  m ajo rity  of cases received  N ational Dried Milk s in ce  th is  
was the food to which they were accustomed p rio r  to  admission* Each 
ounce of re c o n s titu te d  fu ll-c ream  m ilk was estim ated to  con tain  7*4 £• 
p ro te in , 11*5 S» carbohydrate and 8*1 g* f a t  w ith  a  c a lo r ie  value of 144* 
The corresponding fig u res  fo r  half-cream  N ational Dried Milk were taken 
as$ p ro te in  6*2; carbohydrate 15*0; f a t  4«6; c a lo r ie s  112* When 
sp e c ia l p ro p rie to ry  brands o f milk and o ther foods were used, these 
values were ca lcu la ted  from the inform ation supplied  by the m anufacturers.
Each teaspoonful of sugar was reckoned as 4 g* carbohydrate; each ounce
of in fused  plasma* 1 04 g« p ro te in ; each ounce o f infused  3°/° glucose*
1*4 g . carbohydrate; each ounce o f casein hydrolysate* 1*4 g« pro te in*
1*4 g* carbohydrate and 11*5 ca lo rie s*  Tables X, XI* XII and X III 
c o rre la te  these food values w ith sev erity  of f a t ty  l iv e r  a t  various 
in te rv a ls  p r io r  to  biopsy or au topsy , ir re sp e c tiv e  of o th er fa c to rs  such 
as d iagnosis* I t  would appear th a t d efic ien cy  of c a lo r ie s  and o f a l l  
th ree energy-producing components of the d ie t  i s  re la te d  to  the s e v e r ity  
of f a t ty  change* I t  should be stressed*  however* th a t  th ese  are mean 
values fo r  the whole s e r ie s  and th a t  the standard  d ev ia tio n s  fo r  a l l  
fig u res  a re  r e la t iv e ly  h igh , except in  the f a t  +-H-+ group (Figs* 37 & 38)* 
C o rre la tio n  is  weakest a t  the o ther end of the sca le  and th is  may be 
explained by (a) in c lu sio n  in  the f a t  negative group of sev era l t in y  
in fa n ts  w ith  severe i l ln e s s  and low food in ta k e ; (b) in c lu s io n  in  the 
f a t  + and f a t  J  groups of babies whose c l in ic a l  recovery with improvement 
in  food in take  preceded reduction  in  l iv e r  f a t ,  which appears to  be a  
gradual process; (c) the p o s s ib i l i ty  th a t  a  mild degree of hepatic  
s te a to s is  may be produced as a physio log ica l phenomenon in  healthy  in fa n ts  
through the  in g estio n  of full-orearn milk*
(8) L iver function  te s ts  and l iv e r  s iz e * The r e s u l ts  of l iv e r  
function  te s t s  are  summarized in  Table XIV* A ll cases w ith  e lev a tio n  of 
serum b i l i ru b in  in  the absence of d e tec tab le  l iv e r  n ec ro sis  ( " h e p a t i t is ” ) 
su ffered  from p a re n te ra l in fe c tio n  w ith  anaemia and i t  i s  probable th a t  
excessive haemolysis was present* I f  there  was impaired a b i l i ty  of the 
l iv e r  to  conjugate and excrete b i l i ru b in  i t  could not be co rre la ted  w ith
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fa tty  change* Of the flo ccu la tio n  t e s t s ,  thymol turb id ity  was equivocal 
in  a few p atien ts without h e p a tit is , but in  these same patien ts the 
Takata-Ara and c o llo id a l gold reactions were always negative* Hyper- 
lipaemia follow ing milk feeds may cause d iff ic u lty  in  estim ating thymol 
turb id ity  although,whenever p o ssib le , blood was withdrawn before feeding  
times*
Total plasma protein was somewhat depressed in  the majority of infants  
in  th is  in v estig a tio n , even during dehydration* The le v e l was notably 
low in those with an extreme degree of fa tty  liv er ; otherwise there was 
no correlation  with the severity  of hepatic stea tosis*  Likewise, some 
cases of g a stro -en ter itis  had low plasma values far ch olestero l and 
phospholipid which could not be correlated with the degree of fa tty  liver*  
Contrary to expectations, no relationsh ip  at a l l  could be made out 
between the degree of fa tty  change and c l in ic a l  estim ations o f l iv e r  s ize  
based on palpation and percussion* In a few cases the liv er  fa t  
decreased although the liv er  was thought to increase in  size*
(9) Carbohydrate metabolism*
(a) Blood sugar* This was estimated in  about a third of the cases 
at the time of i n i t i a l  liv er  biopsy* These fasting  blood sugar lev e ls  
varied considerably and profound hypoglycaemia was not uncommon in  severe 
g a stro -e n ter it is , esp ecia lly  in  those cases w ith gross fa tty  liver* The 
correlation between le ss  severe hypoglycaemia and fa tty  liv er  is  not so 
marked (Table XV)*
(b) Urinary ketones* Almost invariably, a high i n i t i a l  l iv e r  fa t
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was a sso c ia te d  w ith ketonuria*  Less freq u en tly  ketonuria  was found in  
cases w ith  l i t t l e  or no s ta in ah le  l iv e r  f a t ,  e sp ec ia lly  i f  the l iv e r  
appeared to  he dep leted  of glycogen and the blood sugar le v e l was 
depressed (Table XV).
(o) L iver glycogen* A rough q u a n tita tiv e  assessment was under­
taken based on histochem ical f in d in g s , in  a manner s im ila r  to  th a t  f a r  
q u a n tita tio n  of l iv e r  fa t*  Examples of various l iv e r  glycogen accumu­
la tio n s  a re  i l l u s t r a t e d  in  Figures 39 to  41® From Tables XVI and XVII 
i t  is  obvious th a t ,  w ith  a few excep tions, the two are  in v erse ly  propor­
tio n a l q u a n ti ta t iv e ly ;  as one dim inishes the o ther tends to  increase* 
From these f in d in g s  i t  would appear th a t severe f a t t y  l iv e r  in  
g a s tro - e n te r i t is  i s  a sso c ia ted  w ith  an upset in  carbohydrate metabolism 
which involves lowering of the blood sugar, dep le tion  of l iv e r  glycogen 
and a  tendency to k e tosis*
(10) Treatm ent* The r e s u l ts  of th is  p a r t  of the in v e s tig a tio n  a re  
shown in  Tables XVIII and XIX, in  which are l i s t e d  those substances w ith  
an a lleg ed  lip o tro p ic  a c tio n  used in  the experiment together with o ther 
forms o f therapy which might have had sane e f fe c t  on the degree of 
s te a to s is*  I n o s i to l ,  py ridax ine , pantothenic ac id  and r ib o f la v in e  were 
used in  too few cases fo r any conclusion to  be drawn from the r e s u l t s ,  
but in  none of these was there  any very s tr ik in g  improvement* N either 
d id  m ethionine, ch o lin e , Vitamin B complex or intravenous case in  have any 
notable e f fe c t  on l iv e r  f a t  in  the average case* A ll th re e  cases 
rece iv in g  casein  hydrolysate o ra lly  showed p ercep tib le  decrease in  l iv e r
f a t ,  but t h i s  was not in v estig a ted  fu r th e r ,  because of th e  severe vomit­
ing  ap p aren tly  aggravated by th is  form of therapy* None of the other 
fa c to rs  n o ted , includ ing  intravenous plasma and glucose, had any apprec­
iab le  e f fe c t  on l iv e r  f a t  in  the m ajority  of cases*
(b ) Liver Necrosis
L iver necrosis  has been reported  as a serious com plication of in fa n t­
i l e  d iarrhoea and vomiting by sev e ra l authors and i t  was expected th a t  
some cases includ ing  minor degrees of the condition  would be revealed  by 
an in v e s tig a tio n  of th is  fa ilu re*  In  f a c t ,  only th ree  babies had c l in ic a l  
evidence of parenchymal l iv e r  damage and one o f these may have had a 
primary v i r a l  in fe c tio n  of liv e r*  Moreover, I  had experience of no o ther 
example of th is  condition  outwith the present s e r ie s  of cases during a 
th ree-y ear period*
The follow ing c l in ic a l  d e ta i ls  r e fe r  to  the th ree cases in  question* 
Case 1 (No* 152 of se rie s )*  Female baby, aged 15 weeks, adm itted on 
account of vomiting and diarrhoea w ith green s to o ls  of 24 hours* duration* 
The p a tie n t was m ildly tox ic  and dehydrated and showed no evidence of 
p a ren te ra l in fe c tio n  or jaundice*
3rd day -  C lin ica l cond ition  improved and dehydration re lie v e d  w ithout 
n ecessity  fo r  p a ren te ra l f lu id  therapy* Blood examination revealed  
nonnal f lo c c u la tio n  t e s t s  and a negative van den Bergh reaction*  T o ta l 
plasma p ro te in  measured 5*25 g*$* Liver biopsy shews s l ig h t  f a t ly  change 
but no s ig n  o f n e c ro s is , f ib ro s is  or mesenchymal c e l lu la r  p ro lif e ra t io n  or
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i n f i l t r a t i o n  (Figs* 42 & 43)*
14th  day -  Loose green s to o ls  and occasional episodes o f vom iting had 
p e rs is te d *  In  s p ite  of th i s ,  l iv e r  hiopsy shows alm ost no f a t ty  change 
and no o ther abnorm ality (Figs* 44 & 45)* Liver fu n ctio n  te s ts  remained 
negative*
16th day -  Vomiting subsided s in ce  rev e rs io n  to  re c o n s titu te d  half-cream  
d ried  milk* The p a tie n t became f e b r i le  and examination now revealed  
b i l a t e r a l  basa l bronchopneumonia*
21st day -  The re sp ira to ry  in fe c tio n  bad responded w ell to  p e n ic i l l in  but 
on th i s  day th ere  was a severe re lap se  o f vomiting and diarrhoea leading  
to  dehydration* Oral feeding was discontinued and intravenous f lu id  
therapy commenced* The f lu id s  adm inistered were Hartmann's so lu tio n  and 
casein  hydro lysate  according to  the schedule already described*
24th  day -  In  s p i te  of the r e l i e f  of dehydration the c h ild  ranained  tox ic  
and jaundice was no ticed  fo r  the f i r s t  time* B iliru b in  was p resen t in  
the u rin e  and blood examination revealed a d ire c t p o s itiv e  van den Bergh 
re a c tio n  w ith serum b il i ru b in  measuring 5®5 A ll three f lo c o u la tio n
te s t s  were now notably  p o s itiv e  and the plasma p ro te in  lev e l had f a l le n  to  
4*25 g*$* Since the prothrombin time had not r is e n  above 35 seconds, a  
th ird  l iv e r  biopsy was c a rrie d  out* Compared w ith the previous biopsy 
specimen there is  a  considerable increase in  p e r ip o r ta l  f a t  and condensa­
tio n  of stroma in  the p o rta l a reas (Figs* 48 & 47)® Necrosis i s  no t 
obvious, bu t n eu tro p h il polymorphs are  p resen t in  the  p o r ta l t r a c t s  
(Fig* 4 8 ) , and th ere  appears to  be some cholangio lar p ro life ra tio n *  This
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i s  suggestive o f mild acute ch o la n g io -h ep a titis ,  but th e re  i s  no b i le  duct 
d i la ta t io n  and no b i le  thrombi*
25th  day -  The c h ild  was i l l  and f e b r i le  but there was no evidence of 
venous thrombosis or recurrence of pulmonary in fec tion*  In  view of the 
p o s s ib i l i ty  of a  re a c tio n  to  case in  hydrolysate th is  was rep laced  by 
d ilu te d  plasma in  the intravenous drip»
31st day -  Fever subsided follow ing withdrawal of case in  hydrolysate but 
the p a tie n t remained i l l  w ith  deepening jaund ice , d iarrhoea and occasional 
episodes of vomiting* There being no evidence of a  haemorrh&gic tendency 
or untoward e le v a tio n  of prothrombin tim e, a  fo u rth  biopsy was undertaken. 
The h is to p a th o lo g ica l fe a tu re s  noted in  the th ird  biopsy p e rs is te d  in  th is  
specimen and a re  r a th e r  more severe (F ig s . 49 & 50)* P e rilo b u la r  cholan- 
g io la r  p ro li f e ra t io n  with lo ss  of ad jacen t l iv e r  parenchyma are  i l l u s ­
t r a te d  (Fig* 5 1 ), but otherwise there i s  no evidence of frank  l iv e r  
necrosis*
36th day -  The p a t ie n t fs condition  continued to  d e te r io ra te  and she died 
on th i s  day* A fu rth e r  course of p e n ic i l l in  toge ther w ith sulphamezathine 
had been g iven , but without e ffec t*  Because of p e rs is te n t  vom iting and 
d ia rrh o ea , in travenous in fu sio n  was continued*
Post-mortem examination confirmed the presence of l iv e r  necrosis*
The l iv e r  was of unusually s o f t  consistency and presented  a  m ottled 
appearance due to  po in ts o f haemorrhage in  an otherwise pale  f a t ty  organ0 
H is to lo g ica l examination now reveals  extensive loss o f l iv e r  parenchyma,
although th is  may be exaggerated by post-mortem a u to ly s is  (autopsy per­
formed 18 hours a f t e r  death) • N ecrosis i s  extensive throughout each 
lobu le  and th e re  i s  haemorrhage in  some o e n tr ilo b u la r  zones (Fig* 52)* 
F a tty  change and p o rta l f ib ro s is  p e r s is t  (Figs* 53 & 54)® There was no 
evidence of in fe c tio n  of the e x tra -h e p a tic  b ile -d u c ts  or g a ll-b la d d e r  and 
inflammation of the alim entary  canal was e n tire ly  ab sen t, the  bowel being 
empty ap a rt from sane green mucus in  the colon* There was no sign  of 
p a re n te ra l in fe c tio n  w ith the exception of a l i t t l e  muoo-purulent m ate ria l 
in  both middle ea rs ; the broncho-pneumonic condition  had subsided* In  
s p i te  of prolonged in fu sio n  of intravenous casein  hyd ro lysate , venous 
thrombosis was no t evident* Macroscopic and m icroscopic examination o f 
o ther organs revealed  no a d d itio n a l in f  car mat ion o f note*
I t  is  claimed th a t l iv e r  necrosis com plicating in fa n ti le  g a s tro ­
e n te r i t i s  i s  o f te n  p e r ip o r ta l  in  d is tr ib u tio n  (Wainwright, 1950)® This 
case conforms in  as f a r  as th ere  i s  d es tru c tio n  of lim itin g  c e l l  p la te s  
ad jacen t to  inflamed p o r ta l  t r a c ts ,  but frank n ec ro sis  i s  ev ident only in  
the autopsy specimen* The case might be regarded as an example of 
c h o la n g io litic  h e p a t i t i s ;  however, i t  i s  unlike any examples which I  have 
seen  in  l iv e r  b iopsies from ad u lt p a tie n ts ;  in  th e se , hydropic sw elling of 
l iv e r  parenchymal c e l ls  and numerous lymphocytes a re  p re sen t, bu t are  no t 
seen in  th is  case* I t  i s  in te re s tin g  to  note th a t  the l iv e r  com plication 
occurred during ad m in istra tio n  of casein  hydro lysate , which in c id e n ta lly  
appeared to  aggravate the symptoms of the i n i t i a l  illn e ss*  M oderately 
severe f a t ty  ctetnge a lso  developed in  the l iv e r  during th is  p e r io d , but
may have been one m anifesta tion  of a tox ic  fa c to r  p e cu lia r  to  the  case , 
and no t comparable to  the r e s t  of the se rie s*  The presence of p e r ip o r ta l  
f ib r o s is  i s  a lso  of in te r e s t ;  th is  was r a r e ly  found to  such a  degree in  
uncomplicated f a t ty  l iv e r  and appears to develop f a i r l y  quickly w ith  the 
onset of p o r ta l inflammation*
Case 2 (No* 72)* Male c h ild , aged 19 weeks, adm itted w ith  diarrhoea 
and vom iting of th ree  days' duration* The baby was markedly to x ic  and 
dehydrated n e c e s s ita tin g  immediate intravenous f lu id  therapy , u sing  
Hartmann's f lu id  and d ilu te d  re c o n s titu te d  plasma according to  the method 
a lready  described* There was no jaundioe and no evidence of p a re n te ra l 
in fec tio n *
3rd day -  In travenous f lu id s  were d iscontinued because of rap id  improve­
ment in  the c l in ic a l  condition and success w ith o ra l feeding*
22nd day -  The ch ild  was kept in  h o sp ita l because of s l ig h t  in te rm itte n t 
a tta c k s  of d iarrhoea with green s too ls  and occasional vomiting* On th is  
day s l ig h t  ic te ru s  was noted in  the conjunctivas and b i le  pigment was 
found in  the urine* Blood examination revealed  a d ire c t  p o s itiv e  van den
Bergh re a c tio n  w ith  a  serum b il i ru b in  lev e l of 2*5 mg*$* A ll f lo c c u la tio n
te s ts  were d is t in c t ly  p o s itiv e  an i the t o t a l  plasma p ro te in  measured 4*67 
g®%* L iver biopsy rev ea ls  sm all fo c i of necrosis having a  haphazard
d is t r ib u tio n  throughout the l iv e r  lobules (Fig* 55)® P e r ip o r ta l c e l ls
show lo ss  of cytoplasm ic b aso p h ilia  but there  i s  no ch o lan g itis  (Fig* 56) • 
As in  the previous case there  i s  evidence of strom al condensation (Fig#
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34th  day •» The ch ild  was sen t home on th is  day since he had been feed ing  
normally and had normal s to o ls  fo r  four days* The jaundice had p ra c t i ­
c a l ly  disappeared although liv e r  function  te s t s  were s t i l l  abnormal* A 
second l iv e r  biopsy was attempted two days before d ism issa l, but only a 
very  sm all amount of t is su e  showing no abnorm ality was obtained*
This ch ild  was seen  as an o u t-p a tie n t two weeks l a t e r ,  when he 
appeared q u ite  well* There had been no re lap se  of d iarrhoea and vomiting 
and jaundice was no longer evident*
This would appear to  be another example, possib ly  a d if fe re n t ty p e , 
of l iv e r  n ecro sis  com plicating in fa n ti le  diarrhoea and vomiting* I t  was 
no tab ly  m ilder than the f i r s t  case and re su lte d  in  recovery* U nfortunate- 
27# th e re  was no biopsy before the onset of jaundice as i t  had no t been 
intended o r ig in a lly  to  include th is  case in  the p resen t se rie s*  There 
was never any evidence of p a ren te ra l in fe c tio n  and no form of lip o tro p ic  
therapy had been employed*
Case 3 (No* 93)* Female c h ild , aged one y ea r, adm itted w ith vomiting 
and d iarrh o ea  of th re e  days' duration* As is  usual in  ch ild ren  of th is  
age, the symptoms were not very severe and did not c a l l  fo r any sp ec ia l 
treatm ent*  There was evidence of b ronch itis*
8th  day -  Mild d iarrhoea p e rs is te d  for a  few dayB although the p a t ie n t  was 
ab le  to  t a ke a normal mixed d ie t  f a i r ly  well* B ac te rio lo g ica l examina­
tio n s  fo r  dysentery and other sp ec ific  in feo tions were negative*
Jaundice was noted fo r  the f i r s t  time on th is  day* B ile  was p resen t in  
1he u rin e  and the serum b il i ru b in  measured 2*8 mg*$* F loccu la tion  te s ts
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were p o s itiv e  and the plasma p ro te in  le v e l was 5*67 S*fc* L iver biopsy 
shows some p e r ip o r ta l  f a t ty  change* There is  no obvious necro sis  bu t a 
s tr ik in g  i n f i l t r a t i o n  of the p o rta l areas and ad jacen t sinuso ids w ith 
inflammatory c e l l s ,  mostly lymphocytes together w ith  a few neu tro p h ils  
(Figs* 58 & 59)* P e r ip o r ta l f ib ro s is  is  s l ig h t  (Fig* 60)*
21st day -  The jaundice s t i l l  p e rs is te d  although the p a tie n t  had now been 
f re e  from symptoms fo r the p a s t week and tak ing  a  normal d ie t  read ily*  A 
second blood examination revealed abnorm alities of l iv e r  fu n c tio n  almost 
id e n t ic a l  to  the f i r s t  examination* A ll the fe a tu re s  of the f i r s t  l iv e r  
biopsy are  now more marked in  a second biopsy (Fig* 6 2 ), while p o r ta l 
f ib r o s is  i s  e s tab lish ed  (Fig* 61)* There is  s t i l l  no conclusive evidence 
of l iv e r  c e l l  n ec ro sis  but small c o lle c tio n s  of inflammatory c e l l s  are 
seen which may obscure p in -p o in t lesions of th is  nature*
35th day -  The p a tie n t  having remained w ell and the jaunuice having now 
subsided , she was dismissed home* Three days e a r l ie r  a th ird  l iv e r  biopsy 
was undertaken and shows persis ten ce  of the fea tu res  already  found in  
preceding b iopsies but are s l ig h tly  le ss  marked (FigSo 63 & 64)* Liver 
fu n ctio n  te s t s  a lso  continued to  be abnormal but showed some improvement* 
The case has not been designated " g a s tro - e n te r i t is " since the  i n i t i a l  
vom iting and d iarrhoea  were mild and possib ly  the prodromal stage of a 
primary hepatic  in fe c tio n . That th is  may have been v i r a l  in  type i s  
suggested by the c l in ic a l  course of the i l ln e s s  and the predominance of 
lymphocytes in  the l iv e r  tissue*  Hydropic degeneration of l iv e r  c e l ls  
and p in -p o in t fo ca l n ec ro s is , which are  ty p ic a l of v iru s  A (IH) or v iru s
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B (SH) in fe c tio n s , are  no t found, however* M ilder types of in fe c tio n  
such as th a t asso c ia ted  with glandular fev e r were considered, hut a t  the 
time of the  th i rd  biopsy the Paul-Bunnell t e s t  was done with negative  
r e s u l ts  and the c h a ra c te r is t ic  c e lls  of the disease were not seen in  
s ta in e d  blood film s* Cytomegalic in c lu sio n  disease was not excluded but 
seems u n lik e ly  in  a  ch ild  of th is  age* The co-existence of b ro n c h itis  
suggests the presence of an in flu en zal or adeno-virus in fe c tio n , although 
h e p a t i t i s  is  n o t described as a com plication o f such conditions* Plasma 
c e l l s  a re  inconspicuous and th is  would seem to  exclude the type of 
h e p a t i t i s  re c e n tly  described by Page and Good (i960)*
(C) Other S tru c tu ra l Changes in  the Liver
( l )  Changes in  m itochondria. L iver c e l l  m itochondria a re  demon­
s tr a te d  re a d ily  by s ta in in g  biopsy m a te ria l w ith iron  haemataxylin (Fig* 
65)* Owing to  d is to r t io n  wrought by chemical f ix a tio n ,  no assessm ent of 
ea rly  degenerative changes in  these cytoplasmic s tru c tu re s  was p o ssib le  in  
th is  in v e s tig a tio n , but considerable v a r ia tio n  in  q u an tity  and d is tr ib u tio n  
was apparent between d if fe re n t cases* In  a few instances m itochondria 
could not be d if fe re n tia te d  adequately from cytoplasmic b aso p h ilic  
m ateria l*
In  many biopsy specimens mitochondria could be seen in  a l l  l iv e r  
c e l ls  although the concentration  i s  u sually  g re a te s t and sometimes confined 
to  the p e rip h e ra l p a r t of each lobule* Contrary to  expectation  th is  was 
not re la te d  to  f a t ty  ctenge and m itochondria can be seen in  the m arginal
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cytoplasm o f l iv e r  c e l ls  laden with f a t  (Fig* 66)* In  normal l iv e r  c e l ls  
the  d is t r ib u tio n  is  u su a lly  d iffu se  throughout the cytoplasm, but i t  may 
be m arginal (Fig* 67)*
In d iv id u a l v a ria tio n s  could no t be co rre la ted  w ith s e v e r i ty ,  d u ra tion  
or type of i l ln e s s  (ap art from loss  of s ta in ab le  m itochondria in  oases of 
’’h e p a t i t i s 11)© In  sev e ra l b iopsies from a sing le  p a tie n t the amount a-nfl 
d is t r ib u t io n  i s  not in frequen tly  constan t in  sp ite  of v a r ia tio n  in  the 
amount of f a t  and se v e rity  of illn e ss#  M itochondria cannot be demon­
s tr a te d  in  autopsy m a te r ia l, even i f  examined w ith in  a few hours of death  
(Fig* 68)*
(2) Changes in  cytoplasmic basoph il bodies* Liver c e l l  oytoplasm i s  
normally r ic h  in  b aso p h ilic  m a te r ia l, which, in  th is  s e r ie s  of ca ses , was 
demonstrated in  both autopsy and biopsy m a te ria l by Giemsa’s s ta in  app lied  
fo r 24 hours (Figs* 69 & 70) .  S ta in ing  is  generally  most in tense  in  the 
p e r ip o r ta l  zones and i s  occasionally  confined to  the c e l l s  of these 
reg ions (Fig* 7l)« Within in d iv id u al l iv e r  c e l ls  b asoph ilic  s ta in in g  
may be d iffu se  or g ran u la r, and occasionally  may appear to  be concentrated 
ad jacen t to  the w alls of b ile  c a n a lic u li  (Fig* 72)* Basophil bodies are  
u su a lly  taken to rep resen t rib o n u c le ic  acid  w ith in  the l iv e r  c e l l s ;  they 
disappear follow ing treatm ent w ith ribcnuclease (Rich & Berthrong, 1949)* 
As w ith  m itochondria, basophil bodies a re  often found in  fa t- la d e n  
l iv e r  c e l l s  (Fig* 75), but th e re  a re  some exceptions (Fig* 74) ,  and no 
c o rre la tio n  could be made out between the apparent amount of th is  
substance and the se v e rity  or v a r ia b i l i ty  o f hepatic  s te a to s is  or the
-  35 -
o l in io a l  s ta te  of the pa tien t*  In  l iv e r  necrosis* howevert th e re  i s  
complete lack  of rib o n u c le ic  ac id  s ta in in g  (Fig* 56)*
In  view o f i t s  re la tio n sh ip  to  p ro te in  synthesis* the degree of 
b a so p h ilia  was assessed  roughly and re la te d  to  the q u an tity  of c irc u la tin g  
plasma p ro te in  (Table XX)* The degree of co rre la tio n  is  s l ig h t  and 
p o ssib ly  w ithout s ign ificance*  although a mare inform ative r e s u l t  might 
have been obtained w ith values fo r  plasma albumen* ra th e r  than to ta l  
p ro te in*
In  n u tr i t io n a l  l iv e r  d isease  such as a lcoho lic  c irrh o s is*  the  l iv e r  
c e l l  cytoplasm may contain  dense hyaline bodies ("a lco h o lic  hyalin" or 
,fM allory bodies")* I  am fa m ilia r  with th is  e n t i ty  but have found no 
convincing evidence of i t s  presence in  th is  s e r ie s  of cases*
(5) Mesenchymal c e l lu la r  p ro life ra tio n  or in f i l t r a t io n *  e tc * 
S inuso idal c e l ls  appear unusually prominent in  f iv e  cases* e*g** F igure 
75* but the  s ig n ifican ce  of th is  was not evident* Apart from cases of 
l iv e r  necrosis*  minor degrees of lymphocytic or polymorphonuclear leuco— 
c y tic  i n f i l t r a t i o n  were detected  in  28 specimens from 22 p a tien ts*  b u t 
could no t be co rre la te d  in  any way with c l in ic a l  diagnosis or s e v e rity  of 
illn e ss*  Three o f these 22 had no in fe c tiv e  condition c lin ic a lly *
These c e l l s  may be most conspicuous in  or around p o r ta l t r a c ts  (Fig* 76 ) 
or s c a tte re d  d iffu se ly  throughout the sinusoids (Fig* 77)* There was no 
c o rre la tio n  w ith age or anaemia and extra-m edullary haematopoiesis appears 
to  be an improbable explanation* Figure 76 in c id en ta lly  shows the 
phenomenon of l iv e r  c e l l  nuclear vacuolation; th is  was found a lso  in  two
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o th e r b io p sies  b u t i t s  s ig n ifican ce  was not apparent! there  was no 
c l in i c a l  evidence of l iv e r  necrosis  o r d iabetes m e llitu s  in  th ese  ca ses . 
B a c i l l i  a re  seen in  one biopsy specimen stained  by Giemsa(s method (F ig .
78) |  th is  was a  case of severe g a s tro -e n te r i t is  w ithout p a re n te ra l 
in fe c tio n  who recovered ev en tu a lly .
(4) In crease  in  connective t is su e  stroma of l i v e r .  A part from l iv e r  
n e c ro s is , minor degrees of condensation of p e r ip o rta l r e t ic u l in  (F ig s . 79 
& 80) and p o r ta l  f ib ro s is  (F ig . 81) were noted in  10 specimens from 8 
p a t ie n ts .  This need not be re la te d  to  severe f a t ty  change! conversely 
the r e t i c u l in  p a tte rn  can be qu ite  normal in  a sso c ia tio n  w ith f a t ty  l i v e r .  
In  no case i s  th e re  any in d ica tio n  of d isturbances of the normal lo b u la r 
a rc h ite c tu re  or nodular reg en era tio n , in d ica tiv e  of c i r rh o s is .  I t  i s  
im portant in  autopsy m a te ria l to  d isregard  the l iv e r  s tru c tu re  immediate­
ly  under the capsule (F ig . 821 The remainder of th is  l iv e r  was not 
f ib r o t i c ) .
(5 ) Haemosiderin in  l i v e r .  This was demonstrated by the P russian  
Blue re a c tio n  in  a l l  specimens fixed  in  form alin and passed to  p a ra ff in  
(F ig . 8 3 ). A rb itra ry  assessm ent of the amount of pigment, presumably 
haem osiderin, was made as fo r f a t  and other l iv e r  c e l l  c o n s titu e n ts .
Some examples o f v a riab le  degrees of p o s itiv e  s ta in in g  are i l lu s t r a te d  
(F ig s . 84 to  8 7 ). Haemosiderin is  in  the form of in tra-cy top lasm ic  
g ran u les , u su a lly  confined to  l iv e r  c e lls  in  the periphery  of each lo b u le . 
These granules may be seen in  c e l ls  distended w ith f a t  (F ig . 87) .  
O ccasionally the iron -con ta in ing  pigment i s  la rg e ly  or completely
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contained w ith in  s in u so id a l c e l l s  (F ig . 88 ) .
S ta in in g  is  in ten se  in  m a te ria l from very young in fa n ts ,  hu t tra c e s  
p e r s is t  in  the l iv e r  c e l ls  of o lder b a b ie s , o ften  to  th e  f o r t ie th  week of 
l i f e .  The obvious re la tio n sh ip  between l iv e r  haemosiderin and age i s  
shown in  Table XXI, which i s  based on examination of a l l  l iv e r  specimens 
w ith the exception of a few recovered from p a tie n ts  who had received  
prev iously  a  blood tran sfu sio n  or o ra l iro n  therapyo Table XXII shows 
the re la t io n s h ip  to  the r e s u l ts  of c e r ta in  haem atologioal in v e s tig a tio n s  
ca rried  out a t  the times of b iopsy . In tensive  iro n  s ta in in g  is  g en era lly  
asso c ia ted  w ith excessive numbers of c irc u la tin g  re tic u lo c y te s , above 
average corpuscular haemoglobin concen tra tion  and in d ire c t  p o s itiv e  van 
den Bergh re a c tio n .
No re la tio n s h ip  was evident between th e  ex ten t of iro n  s ta in in g  and 
c l in ic a l  d iagnosis , sev e rity  or duration  of i l ln e s s  or degree of f a t ty  
l i v e r ,  and consequently there was no re la tio n sh ip  a lso  to  the n u tr i t io n a l  
s ta te  o f the p a t ie n t .  In tense s id e ro s is  seems to  be asso c ia ted  w ith  
hypoproteinaemia (Table XXII) ,  but th is  may be explained by the frequency 
of both in  the youngest age groupso
(D) Other Features noted a t  Post-mortem Examination
Of the 26 au topsies performed, ex tensive ly  severe e n te r i t i s  w ith 
s u p e r f ic ia l  erosions of bowel mucosa and phlegmonous exudate was noted in  
4» E ight o thers showed mild inflammation e sp ec ia lly  in  the ileum . In  
the remainder the alim entary canal was m acroscopically normal, a lthough
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h is to lo g ic a l  exam ination sometimes revealed  very mild inflammatory 
congestion and c e l lu la r  i n f i l t r a t i o n  (F ig s . 69 & 90)• A mild non­
s p e c if ic  inflammatory re a c tio n  oommonly involved the m esenteric lymph 
nodes, bu t no sp len ic  abnorm ality was n o ted .
C h o lecy s titis  and e x tra -h ep a tic  ch o la n g itis  were never observed. 
Reference has a lread y  been made to  the various types o f p a re n te ra l in fe c ­
t io n  found in  th i s  s e r ie s  of ca se s .
H is to lo g ic a l examination o f the pancreas from each case showed none 
of the degenerative changes which have been described in  a sso c ia tio n  w ith 
n u tr i t io n a l  l iv e r  d isea se , or which, in  a  more severe form, would have 
been suggestive of f ib ro c y s tic  d isea se .
Hydropic and f a t ty  degeneration were commonly found in  re n a l tubu lar 
epithelium  but no o ther changes of n o te . No abnormal deposits  o f  glycogen 
in d ic a tiv e  of von G ierke 's d isease  were de tec ted  a t  th is  s i t e  or in  any 
l iv e r  specimens.
In  6 f a t a l  cases th ere  was d i la ta t io n  of the r ig h t  s id e  of h e a r t ,  
together w ith  pulmonary oedema and haemorrhage, suggestive of excessive 
ad m in istra tio n  of f lu id  by intravenous in fu s io n . C erebral oedema was a lso  
noted in  such oases but no sp e c ific  form of encephalopathy or in tra c ra n ia l  
haemorrhage.
No abnorm ality of note was detec ted  in  the  endocrine glands from any 
caseo The zona fa sc ic u la ta  of the ad renal co rtex  was u su a lly  depleted  of 
8 tainab le  l ip id 0
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DISCUSSION
In fe c tio u s  d iarrhoea and vom iting in  in fa n ts  i s  one of sev e ra l 
communicable d iseases  which have undergone a  notable red u c tio n  in  v i r u l ­
ence, p a r t ic u la r ly  in  the l a s t  decade (Derham & Rogers on, 1957)* This 
change has been noted in  various parts  of the world, e . g . ,  in  A u s tra lia  
by C ro ll (1946). However, a t  the time of th is  in v es tig a tio n  i t  was s t i l l  
a  common and serious condition  responsib le  fo r  many deaths during the 
f i r s t  year of l i f e ,  p a r t ic u la r ly  among ch ild ren  of the lower so c ia l groups 
liv in g  in  overcrowded conditions in  c i t i e s  such as Glasgow (Bloch, 1941)* 
During the period in  question (January 1947 to  December 1949)# I  bad 
c l in ic a l  re sp o n s ib il i ty  fo r 608 cases, includ ing  those which a re  the 
sub jec t of th is  in v e s tig a tio n . Even during these few years there was a 
no tab le  drop in  m o rta lity , from 38 per cent in  1947 to  16 per cent in  
1949. I t  is  u n lik e ly  th a t th is  was due e n tire ly  to  improvements in  
therapy , im portant as these were, such as ea rly  and e f fe c tiv e  r e l i e f  of 
dehydration and the use of a n t ib io t ic s ,  together w ith in creasin g  experience 
of se n io r  nursing  s t a f f .
I t  seemed a t  th a t  time th a t  ary  in v e s tig a tio n  in to  th is  im portant 
d isease might be of value and would j u s t i f y  the use of l iv e r  biopsy as a  
means of in v e s tig a tio n . In  a d d itio n , i t  seemed th a t  such a  p ro je c t 
would be o f value in  assessin g  the importance of f a t ty  l iv e r  in  general 
and no t n ecessa rily  tte-t occurring in  in fa n ti le  g a s t r o - e n te r i t i s .  F a tty  
l iv e r  i s  found no t in freq u en tly  in  a sso c ia tio n  w ith a  v a r ie ty  of human
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i l ln e s s e s  and i t s  importance may be a m atter of conjecture  in  sp ite  of 
the  la rg e  amount of experim ental work which has been done on th is  subject*  
N u tr it io n a l d efic iency  in  general and lack  of lip o tro p ic  fa c to rs  in  
p a r t ic u la r ,  have been regarded as causes,  and such a  hypothesis could be 
s tud ied  f a i r l y  re a d ily  in  young b o tt le - fe d  in fa n ts ,  the n u tr i t io n a l  value 
of whose d ie t  could be calcu la ted  and supplementary fa c to rs  e a s ily  added*
This being in  p a r t  a c l in ic a l  in v e s tig a tio n , c e r ta in  data are of 
n ecessity  based on su b jec tiv e  impressions* C ertain  o th e r d a ta , such as 
the amounts of l iv e r  f a t  and glycogen, although measurable, are s im ila r ly  
estim ated and would have been of more value i f  accurate q u a n tita tio n  had 
been c a rr ie d  out* These omissions are  due to  a lack  of su ffic ien cy  in  
time and c e r ta in  lab o ra to ry  f a c i l i t i e s *  What is  p resented  in  th is  
in v e s tig a tio n  was c a rrie d  out by the  author unaided by any tech n io a l 
a s s is ta n c e  and included the s e tt in g  up and use of a l l  apparatus fa r  
h isto logy  and fa r  c e r ta in  biochem ical methods not previously  in  use a t  
B elvidere H ospital* However, i t  is  claimed th a t  the conelusions have 
some value being based on notable q u a li ta t iv e  changes in  the liver*
In v es tig a tio n  and Treatment of In fa n t i le  Diarrhoea and Vomiting
The d iagnosis o f th is  d isease  was one m atter which depended on 
c l in ic a l  judgment could not be subjected to  labo ra to ry  analysis*  
However, an  i l ln e s s  of b o tt le - fe d  in fa n ts  causing watery d iarrhoea w ith  
green or orange s to o ls ,  vomiting of v ariab le  in te n s i ty  dehydration and 
i r r i t a b i l i t y ,  is  q u ite  ty p ic a l of the  condition* There a re  many
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d e sc rip tio n s  o f the d isease in  the medical l i t e r a tu r e  which confirm th i s ,  
e .g * , P aterson  and Nabarro (1922); Young (1933); Cooper (1937); Sm ellie 
( l 939); Campbell and Cunningham (1941); Alexander and E ise r (1944); Gunn
(1945); Gairdner (1945); Mann e t  a l ,  (1952); Friedman (1953); Lowdon 
(1954)^ Mild cases were recognized as such i f  d iarrhoea and vom iting 
p e rs is te d  a f t e r  co rrec tio n  of o ther possib le  causes of these symptoms, 
such as fa u lty  feeding  or p a re n te ra l in fe c tio n , and in  the absence of 
b a c te r io lo g ic a l evidence of dysentery or food-poisoning* During the 
l a s t  year of the in v e s tig a tio n , f a c i l i t i e s  were av a ila b le  fo r  typing 
pathogenic s tra in s  of Bact* c o l i , described o rig in a lly  as Bact* c o l i  
neapolitanum by Bray (1945)* and subsequently by G iles and Sangster (1948) 
and G iles e t  al*  (1949)« Numerous more recen t in v estig a tio n s  have been 
reviewed by Payne ( 1 9 6 0 )0  A close co rre la tio n  was found between the 
recovery  of these organisms and the c l in ic a l  diagnosis of g a s tro -e n te r i t is *  
Not in freq u en tly  p o sitiv e  r e s u l ts  were obtained from r e la t iv e ly  m ild cases 
and from symptom le ss  contacts in  other wards of the hosp ita l*
I t  is  u n lik e ly  th a t  a iy  p e rs is te n t case of epidemic d iarrhoea of 
neonates i s  included  in  th is  s e r ie s , since th is  in fe c tio n  genera lly  
a r is e s  in  the nursery  u n its  of m aternity  hosp ita ls  whence none of my 
cases came* I t  would appear to  be a v i r a l  in fe c tio n  and c e l l - f r e e  
f i l t r a t e s  of the faeces can cause d iarrhoea in  calves (Light & Hodes,
1949)* Other v i r a l  in fec tio n s  associa ted  with e n te r i t i s  are  recorded in  
o lder ch ild ren  and in  ad u lts  (e*g*, Brown jet a l* ,  1945); n0 case in  th is  
s e r ie s  occurred as p a rt of an outbreak of diarrhoea and vomiting among
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o ld e r persons* Joncas and P avilan is ( i 960) undertook v i r a l  cu ltu re s  of 
r e c ta l  swabs from 74 in fa n ts  and ch ild ren  with diarrhoea* Fourteen 
v iru se s  were iso la te d ;  includ ing  adeno-viruses which may have been patho­
genic* Echo v iru s  has a lso  been recovered frcm sim ila r cases 
(Sommerville, 1958)*
In  some accounts of epidemic neonatal d iarrhoea, the l iv e r  has been 
rep o rted  as normal, e .g . ,  Ormiston (1941) ;  S co tt e t a l .  (1952). Rice 
e t  a l*  (1937) mentioned parenchymatous degeneration of l iv e r  but did not 
sp ec ify  f a t ty  change* Sakula (1943) found f a t ty  l iv e r  in  a few of h is  
c a se s , b u t the  s ig n ifican ce  of th is  was no t investigated*
A lle rg ic  d iarrhoea has a lso  been borne in  mind, but in  the absence of 
u r t i c a r ia  and eo s in o p h ilia  there  was no suggestion of th is  condition  in  
any p a tien t*  According to  Rotbman (1953)* c e r ta in  cases of in fa n ti le  
d iarrhoea and vomiting may be explained on th is  b a s is ,  since i t  is  
p ossib le  fo r  p ro te in s  of cow!s milk to  en ter the c irc u la tio n  undigested 
and a c t  as an tig e n s , e sp ec ia lly  in  very young su b jec ts  or in  those with 
some other in te s t in a l  d isease* Schloss and Worthen (1916) found fo re ign  
p ro te in  in  the  u rin e  of ch ild ren  with n u tr i t io n a l  d iso rd e rs , possib ly  
derived from ingested  food*
C ertain  primary m etabolic d iseases causing i l ln e s s  in  infancy are  
asso c ia ted  w ith  f a t ty  l iv e r ,  and conceivably such cases could be adm itted 
to  a  g a s tro - e n te r i t is  u n it  because of vomiting or diarrhoea* No p a tie n t 
in  th is  s e r ie s  had reducing substances in  the u rine so th a t both  g a lao to s- 
aemia and d iabe tes  m ellitu s  may be excluded* In  the hepato-renal form
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of glycogen-storage d isease  the l iv e r  parenchymal c e l ls  a re  swollen w ith 
abnormal q u a n titie s  o f f a t  and glycogen; the cytoplasm i s  vacuolated and 
the n u c le i sm all and c en tra lly  placed# These fea tu res  were not noted in  
any specimen of l iv e r  in  th is  se rie s*  F ib rocystic  d isease  of pancreas 
may be asso c ia ted  w ith f a t ty  l iv e r  (Craig e t al** 1957) but no evidence 
of th is  d isease  was found in  the  autopsy m aterial*  Likewise, e a r ly  cases 
of h e p a to - le n tic u la r  degeneration may have f a t ty  l iv e r  (Anderson & Popper, 
i 960) ,  but in  ad d itio n  there are  degenerative changes in  l iv e r  c e l l  n u cle i 
and in  s in u so id a l c e l ls  which were not noted in  my cases* These a re  a l l  
uncommon d isea se s , and i t  is  c le a r  th a t the m ajority  of my p a tie n ts  
su ffe red  from an endemic en te ra l in fe c tio n  now accred ited  to  pathogenic 
s tr a in s  of B act. c o l i *
While i t  i s  u n sa tis fa c to ry  to  have no laboratory  confirm ation o f the 
c l in ic a l  d iag n o sis , th is  is  not regarded as  a serious disadvantage in  the 
p resen t in v e s tig a tio n ; f a t ty  l iv e r  is  l ik e ly  to  be p a rt of a  m etabolic 
upset common to  a  v a r ie ty  of en te ra l in fections*  M arrio tt e t a l .  (1935) 
noted i t s  occurrence in  th e ir  s e r ie s  of cases of in fa n ti le  d iarrhoea and 
vom iting, a  th i rd  o f which proved to  be dysentery* In  the p resen t 
in v e s tig a tio n  i t  has been noted th a t  f a t ty  l iv e r ,  a t  le a s t  in  i t s  le s s  
extreme degrees, i s  by no means confined to  p a tien ts  with the c l in ic a l  
diagnosis of 11 g a s t ro - e n te r i t is ”« Consequently, while co rre la tio n s  have
been sought w ith d iagnosis and the incidence o f com plications, re lap se  
and co—e x is tin g  p a ren te ra l in fe c tio n , more a tte n tio n  has been given to  
the general aspects of n u tr i t io n  and f a t  metabolism*
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A ll p a tie n ts  were seen tw ice d a ily  so th a t any a l te r a t io n  in  the 
c l in i c a l  condition  could he detected  e a r ly . Apart from the i n i t i a l  
exam ination on admission* evidence of p a ren te ra l in fe c tio n  was always 
looked fo r  in  those cases f a i l in g  to respond to treatm ent* and in  the 
event of re la p se . C ath e te riza tio n  of female p a tien ts  was re s tr ic te d *  
however* except when urine was requ ired  for in v es tig a tio n  of ketonuria* 
s ince u rin a ry  in fe c tio n  is  not very common in  th is  young age group and may 
he induced hy the  procedure (Smellie* 1939)* O titis  media was recorded 
only from d is t in c t  redness of the ear-drum* w ith or without bulging* and 
these  signs may only he apparent a f te r  the r e l i e f  of dehydration (Marshall* 
1933; McConkey & Cooper* 1938; Leathart* 1943)* Conversely* during 
dehydration* the drum can have an opaque appearance which is  probably 
not s ig n if ic a n t  (K are litz  & Schick* 1931; Cohen e t a l .*  1933)# There 
appears to  he some d ifference of opinion regarding the importance of 
o t i t i s  media in  r e la t io n  to  the ae tio logy  and course of in fa n ti le  g astro ­
e n t e r i t i s .  Gunn (1945) recorded an 80 per cent incidence among h is  f a t a l  
cases and some authors go so f a r  as to  regard the ear in fe c tio n  as the 
underlying cause of the d ise a se . Other observers* e .g .*  Maize Is and 
Smith (1934), have held the contrary opinion, with whidi I  ag ree . Like 
Johnston e t  al® (1933)* I  have seen many cases of in fa n ti le  d iarrhoea and 
vom iting w ith no detectab le  evidence of o t i t i s  media and some in  whom the 
ear in fe c tio n  appeared to  develop a f te r  the in te s t in a l  in fe c tio n . Most 
cases of o t i t i s  in  my se r ie s  responded read ily  to  p e n ic illin *  and 
paracen tesis  was requ ired  very ra re ly ; but p e n ic il l in  had no in fluence on
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the course o f the g a s tro - in te s t in a l  condition# Again, I  have noted 
evidence of o t i t i s  media in  in fa n ts  dying of conditions other th an  the 
one in  q u es tio n , and th is  a lso  has been noted by o th e rs , e*g*, P a tte rso n  
and Smith (1944) 5 Wright and Wright ( 1946)# Microscopic examination of 
the mucoid exudate in  the  middle ears of in fan ts  a t  autopsy u su a lly  fa ile d  
to  re v e a l acu te  inflammatory c e l l s ,  while the presence of b ile  s ta in in g  an 
occasion was in d ic a tiv e  of re g u rg ita tio n  o f alim entary canal con ten ts in to  
the middle ea rs  v ia  the Eustachian tubes (W ishart, 1930)# This may have 
been m istaken fo r  an inflammatory exudate by some authors*
A part from lip o tro p ic  therapy and the very in frequen t use of 
myringotomy, treatm ent followed the methods generally  accepted a t  the 
time of the in v e s tig a tio n s , e sp ec ia lly  those based on the recommendations 
of Powers (1926) and described in  d e ta il  by F ield  ejt a l .  (1945)? Alexander 
and E ise r  (1944) and Alexander (194®)* P a r tic u la r  a t te n tio n  was paid to  
the e a r ly  and e f f ic ie n t  r e l i e f  of dehydration# Since severe i l ln e s s  
u su a lly  la s te d  fo r many days on end, f lu id  was adm inistered by continuous 
in travenous d r ip  as f i r s t  recommended by K are litz  and Schick (l9 5 l)*  I t  
was found b e s t to  adm inister f lu id  v ia  a cannula t ie d  in to  the in te rn a l  
saphenous ve in  a t  the ankle and anchored by a s t i tc h  through th e  adjacen t 
skin* The limb and lower p a rt of in fusion  tubing were fixed  to  one 
s p l in t  which was t ie d  to  the co t but with minimum in te rfe ren ce  to  the 
g eneral management of the patien t#  With experience and maintenance of a 
ready supply of in fu sio n  equipment, s t e r i l e  instrum ents and s p l in t s ,  th is  
operation  could be done with l i t t l e  delay , and temporary emergency
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in fusions in to  peritoneum were unnecessary* Scalp vein  in fusions were 
e a s ie r  to  assemble bu t le s s  easy to  m aintain fo r  prolonged periods* In  
a  few very  sm all in fa n ts ,  f lu id  was given by bone narrow d r ip  using the 
lower end of femur or upper end of t ib i a  as described by Drinker e t  a l * 
(1922)} Grimson (1944)? Massey (1950)* This procedure was r a re ly  s a t i s ­
fac to ry  fo r  more than 36 hours* Owing to  the tendency to  oedema in  these 
sm all p a tie n ts  (Young, 1942), g rea t care was taken to  check f lu id  in take 
and output a t  frequent in te rv a ls ,  but the l a t t e r  can only be assessed  
roughly* Overloading of the c irc u la tio n  did occur in  a  few cases in  
which i t  may have been the main cause of death* For th is  im portant 
n a t te r  i t  was necessary to  re ly  on the v ig ilan ce  of nursing  s t a f f ,  and 
th is  was not always s a tis fa c to ry , e sp ec ia lly  a t  night* Considerable 
improvement was apparent as sen io r nurses and s i s te r s  gained experience* 
Improvement in  prevention of c ro ss -in fe c tio n  was noted lik ew ise , although 
th is  was an almost unsurmountable problem incurred  by the admission of 
in fe c tio u s  cases to  an open ward*
C erta in  methods o f treatm ent which are  occasionally  recommended were 
t r ie d  a-nd discarded as useless or even harmful* Carob f lo u r  was found to  
be q u ite  in e f fe c t iv e ,  and i t  is  d i f f ic u l t  to  understand the claims fo r  
th is  form o f therapy made by c e r ta in  C ontinental p a e d ia tr ic ia n s , e*g», 
F o r tie r  e t  a l .  (1956). Walker (1952) found th a t carob f lo u r  may even be 
dangerous as i t  can aggravate dehydration* Other methods which were not 
employed were i n i t i a l  purgation (F ie ld  e t  a l* ,  1945} Gunn, 1945)# i n i t i a l  
g a s tr ic  lavage (Lawson, 1951} Lowdon, 1954)# and adm in istra tion  of f lu id
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by in tra -g a s  t r i e  d r ip  (G iles & S angster, 1943} Berkeley, 1947)*
Owing to  lack  of laborato ry  f a c i l i t i e s ,  a  proper co n tro l of blood 
e le c tro ly te s  was not undertaken in  these cases* Much re lia n c e  was placed 
on the o ra l or intravenous adm in istra tion  of Hartmann's so lu tio n  (Hartmann 
& Elman, 1929} Hartmann & Senn, 1952) fo r the supply of e le c tro ly te s  in  a 
manner l ik e ly  to  prevent severe ac id o sis  and a lk a lo sis*  Hartmann's 
so lu tio n  was always d ilu ted  w ith 51° glucose or plasma* No ex tra  
potassium s a l t  was added, although th is  has been recommended by Barrow
(1946) and others in  view of the low levels  of exchangeable potassium 
asso c ia ted  with p e rs is te n t  p ro te in  in su ffic ien cy  in  in fa n ts  (Smith &
Water low, 1960)* Without measurement o f blood e le c tro ly te  le v e ls ,  i t  i s  
im possible to  estim ate the importance of conditions such as hypem atraem ia 
(Finberg & H arrison , 1955} Skinner & Mole, 1956; de Young & Diamond, i 960) 
and hypocalcaemia (Hapaport e t a l* ,  1947) as causes of m orbidity and death 
in  my cases* A few f a t a l  cases had signs of excessive sodium and w ater 
re ten tio n *  None had in tra c ra n ia l  bleeding suggestive of gross hyper- 
natraem ia or any evidence of hypokalaemia as described by Perkins e t  a l *
(1950) .
E ffec tiv e  a n t ib io t ic s  such as neomycin were not av a ilab le  a t  the time 
of th is  study* Some cases were tre a te d  w ith streptom ycin or aerospcrono 
The foim er had a  remarkable curative e f fe c t  in  many cases, but symptoms 
were l ia b le  to  recu r a f te r  the a n tib io tic  was discontinued* This has
been th e  experience of o thers, e*g*, Lowdon (1954)«
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In v e s tig a tio n  o f L iver S truc tu re  F"nftt io n
There a re  few re p o rts  on the use of l iv e r  biopsy in  p ae d ia tr ic  
p ra c tic e  and only th a t  of Stowens ( i 960) i s  based on any s u b s ta n tia l 
number of cases • Reference has been made already in  the in tro d u c tio n  to  
some in v e s tig a tio n s  of th is  so rt*  In  a d d itio n , Bruton e t al*  (1955) 
gave th e i r  experience of the operation in  50 ch ild ren  whose ages ranged 
from 19 days to  10 yearso In  a few of these cases th e  operation was 
repeated* These authors used the in f ra -c o s ta l approach since a l l  th e ir  
cases had hepatomegaly (mostly not s te a to s is )*  As a r e s u l t  o f th e i r  
experience , they believe  th a t l iv e r  biopsy i s  a  safe  and u se fu l ad junct 
to  c l i n i c a l  investiga tion*  They did not give th e ir  p a tie n ts  the b e n e f it 
of any sed a tio n  p r io r  to  b iopsy, which seems unreasonable* Fomponio 
(1956) repo rted  h is  experience of l iv e r  biopsy in  100 ch ild ren , mostly 
over th e  age of one y ea r, and s ta ted  th a t the operation i s  ea s ie r  In 
ch ild ren  than in  ad u lts  and can be repeated sa fe ly  a f t e r  a few days; my 
experience i s  in  agreement w ith this*
Vernois (1844: quoted by R o sse tt, 1956) i s  c red ited  w ith  the f i r s t  
su ccessfu l l iv e r  biopsy* However, i t s  use as an  es tab lish ed  procedure 
in  c l in ic a l  work is  generally  a t tr ib u te d  to  Iversen and Roholm (1939)/ 
whose method I  have used in  th is  in v estig a tio n  with only minor m odifica­
tio n s  ,  v iz * , the use of a la rg e r  (50 ml*) syringe fo r a s p ira tio n , and 
omission of a  prelim inary  sk in  in c is io n  before the in se r tio n  of tro c h a r 
and cannula* ISy 5 per cent fa ilu re  ra te  compares favourably with most 
re p o rts  5 Iversen  and Roholm had a fa ilu re  ra te  of 22*5 P©r cent* By the
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use of more modern techniques such fig u re s  can he reduced s u b s ta n t ia l ly ; 
Kelson (1954) f a i le d  to  obtain l iv e r  t is s u e  in  only 2 per cen t of hia 
s e r ie s  of young ad u lt p a tie n ts  using a  modified Vim-Silvermann needle*
Most au thors are  agreed th a t  l iv e r  biopsy i s  a reasonably sa fe  
procedure, a t  le a s t  in  the hands of those with experience of the technique. 
Terry (1952) has reviewed rep o rts  to ta l l in g  10,000 cases and fin d s  a  
recorded death  r a te  of 0*12 per cent and important n o n -fa ta l com plications 
in  0*53 per c en t. While there is  a wide range of com plications (R ossett, 
1956) ,  only one example, v i z . ,  r ig h t-s id e d  pneumothorax, was found in  my 
s e r ie s  and fo rtu n a te ly  th is  resolved w ith in  a few days. Although many 
babies who had been subjected to  l iv e r  biopsy even tually  d ied , th ere  was 
no in d ic a tio n  th a t  death was due in  any instance to the operation* Thus, 
no examples of haemotharax, haemoperitoneum, b i l ia ry  p e r i to n i t i s  or 
hepatic  rup ture  were noted in  those cases subjected to  autopsy. The 
death  r a te  of th is  s e r ie s  of cases was s l ig h t ly  lower than th a t of o ther 
cases of g a s tro -e n te r i t is  in  my charge during the same period*
I t  may be assumed tha t needle biopsy can affo rd  a  reasonable evalua­
tio n  of a  d iffu se  l iv e r  lesio n  lik e  s te a to s is*  On the contrary  one 
would no t expect th is  to  apply to  a le s io n  o f  irre g u la r  d is tr ib u tio n  such 
as fo ca l n e c ro s is , coarse c i r rh o s is ,  or those cases of f a t ty  change due 
to  some lo c a l vascu lar disturbance w ith l iv e r  parenchymal ischaemia* I  
can confirm  -the former assumption from examination of blocks of t is su e  
taken from various p a r ts  of the liv e rs  of f a t a l  g a s tro -e n te r i t is  cases* 
O ccasionally, f a t ty  change i s  s lig h tly  more severe throughout the r ig h t
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lobe compared w ith  the le f t*  Of course, a l l  biopsy m ate ria l was 
from the r ig h t  side and so i s  comparable, while records o f autopsy 
m a te ria l a re  assessed  on the appearance of the r ig h t  lobe* The f a t a l  case 
of l iv e r  n ec ro sis  had a f a i r l y  uniform d is tr ib u tio n  of l iv e r  damage which 
was recorded accu ra te ly  in  the biopsy specimens*
A few au thors of a r t ic le s  on th is  sub jec t do not agree w ith  these 
opinions* Coppo e t a l .  (1956) took b iopsies from r ig h t  and l e f t  lobes of 
l iv e r  during  laparotomy in  p a tie n ts  w ith  h e p a ti t is  and found considerably  
more damage on the r ig h t  side* Bogoch and Casselman (l955) performed 
m u ltip le  b io p sies  a t  sho rt time in te rv a ls  (5 hours, 25 minutes and 5 
m inutes) in  th ree  p a tie n ts ,  in  an attem pt to  show th a t  the l iv e r  s tru o tu re  
may vary w ith a l te r a t io n  in  functiona l a c t iv i ty  from time to  time and in  
d if f e re n t  p a r ts  of the organ* In  f a c t  th e ir  th ird  p a tie n t d id  show 
v a riab le  f a t ty  change during these sh o rt time In te rv a ls , but as the 
d iagnosis was b i l ia ry  c i r rh o s is ,  i t  is  possib le  th a t the d is tr ib u tio n  of 
f a t  represen ted  v ariab le  degrees of ischaemia in  d if f e re n t  p a r ts  o f the 
liv e r*
Only standard  h is to lo g ic a l techniques were employed and th ese  req u ire  
l i t t l e  comment. The e fficacy  of methods fa r the dem onstration of 
glycogen was te s te d  by s ta in in g  contro l sections tre a te d  w ith d iastase*  
F ix a tio n  in  a  p ic r ic  acid-diaxane mixture had no advantage over Bouin's 
f lu id *  Even the coating of s lid es  w ith ce llo id in  p r io r  to  the ap p lica ­
t io n  o f B e s t 's  s ta in  was found to be unnecessary* The osmic ac id  
sec tio n s  were examined soon a f te r  p reparation , since fading can occur
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w ith in  a  few weeks* No enzyme s tu d ies  or sp ec ia l cytochem ical methods of 
in v e s tig a tio n  were undertaken although a d d itio n a l inform ation would no 
douht be gained by such a p ro ject*  S tudies of th is  s o r t  have been 
rep o rted  by Waterlow (1950) in  cases of kwashiorkor*
Reports on the use of l iv e r  function  te s ts  in  young ch ild ren  a re , 
l ik e  those on l iv e r  b iopsy , r e la t iv e ly  few* H arris  (1952) in v estig a ted  
th ree  well-known causes of jaundice in  in fa n ts , v iz * , h e p a t i t i s ,  e ry th ro ­
b la s to s is  f o e ta l is  and b i le  duct a t r e s i a ,  and found such te s t s  of less  
value than s tra ig h t-fo rw ard  c l in ic a l  exam ination, supplemented i f  neoess- 
ary by l iv e r  biopsy* The a sso c ia tio n  o f an obstru c tiv e  type of jaundioe 
w ith  h e p a ti t is  and with e ry th ro b la s to s is  is  possib le  and would be expected 
to  cause d i f f ic u l ty  in  the in te rp re ta tio n  o f l iv e r  fu n c tio n  te s ts  in  
c e r ta in  cases* Kaye e t  a l .  (1959) a lso  found biopsy superio r to  chemical 
t e s t s  of l iv e r  function  in  d if f e re n tia t in g  jaundice o f b ile  duct a t r e s ia  
from th a t  o f  v i r a l  h e p a titis*  W eller ( l9 5 l)  is  of the  opinion th a t  te s t s  
of l iv e r  fu n ctio n  may be m isleading when applied to  in fa n ts ; he found 
negative f lo c c u la tio n  te s t s  in  h e p a ti t is  and low lev e ls  of a lk a lin e  phos­
phatase in  o b stru c tiv e  jaund ice , which is  the rev erse  of the genera lly  
accepted find ings*  W eller in v estig a ted  53 in fan ts  su ffe rin g  from a  
v a r ie ty  of h ep a tic  d iseases and 12 normal controls* Four were cases of 
g a s tro - e n te r i t is  w ith hepatic  f a i lu r e ,  but unfortunate ly  the exact nature 
of the le s io n  in  the l iv e r  i s  not c lea r from the a u th o r 's  descrip tion*
In  th e  p resen t s e r ie s  i t  is  remarkable how se n s itiv e  the f lo c c u la tio n  
t e s t s  were in  d e tec tin g  l iv e r  necrosis confirmed by biopsy* A ll remain­
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ing  cases had negative te s ts  irre sp e c tiv e  of the degree of f a t ty  change 
and presumably th ere  was no asso c ia ted  e levation  of plasma g lobulin  
(Kunkel & Hoagland, 1947)* Serum fo r these te s t s  was co llec ted  before 
feeds to  avoid the tu rb id ity  sometimes noted a f te r  in g estio n  of milk* 
Wilson and Banner (1934) observed th a t oream or cod -liver o i l  caused in  
ch ild ren  a marked r i s e  in  serum l ip id s ,  e sp ec ia lly  n e u tra l fa t*  Apart 
from undesirab le  tu rb id ity  follow ing milk feed s , e lev a tio n  o f blood f a t  
might in v a lid a te  the re su lts  of thymol tu rb id ity  te s ts  which are depend­
ent on the blood l ip id  lev e l in  ad d itio n  to  the lev e l of globulin*
The find ing  of negative f lo c cu la tio n  te s t s  in  the presence of f a t ty  
l iv e r  is  in  agreement w ith most observations made in  ad u lt p a tie n ts  w ith  
a  s im ila r  con d itio n , e * g ., F ranklin  e t  a l * (1946)/ although m isleading 
negative r e s u l ts  may sometimes occur in  the presence of fo c a l necrosis 
and v i r a l  h e p a ti t is  (Popper e t  a l* ,  1949a & b)* U levitch e t  a l * (1951) 
noted p o s itiv e  r e s u l ts  in  p a tie n ts  with f a t ty  l iv e r ,  but some of these 
may have been a lco h o lic ; in  alcoholism , v ariab le  degrees of l iv e r  c e l l  
damage in  ad d itio n  to f a t ty  change are  almost always p resen t (Popper & 
S chaffner, 1952; Popper e t a l* , 1955)*
Plasma p ro te in  leve ls  are  s l ig h t ly  lower in  normal in fa n ts  compared 
w ith o lder persons (Darrow & Carey, 1933; McMurray e t a l* ,  1948), but are  
not reduced to  the degree found in  many cases in  th is  se ries*  The to ta l  
plasma p ro te in  in  two of the th ree cases with l iv e r  necrosis  and the group 
with extreme f a t ty  change was p a r tic u la r ly  low* I t  i s  possib le  th a t  
production of p ro te in  by the l iv e r ,  e sp ec ia lly  albumen and fib rin o g en , is
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im paired by an extreme degree of f a t ty  change, but the p e rs is te n ce  of 
s ta in a b le  rib o n u c le ic  acid  suggests th a t  th is  fu n c tio n  i s  no t completely 
in h ib ited *  U nfortunate ly , figu res fo r the in d iv id u a l plasma p ro te in s  
a re  not av a ilab le*  Diminution of p ro te in  in take and d ilu tio n  of plasma 
w ith  intravenous f lu id  would no doubt con tribu te  to hypoproteinaemia and 
consequently i t s  s ig n ifican ce  as an index of l iv e r  dysfunction i s  d i f f i ­
c u l t  to  estim ate*
Apart from the three cases of liv er  n ecrosis, elevation  of serum 
b iliru b in  was generally associated with anaemia, increase in  circu lating  
reticu locy tes and prominent staining of haemosiderin in  hepatic tissue*
I t  i s  assumed, therefore, that in such cases there was exoessive haemo­
ly s is  rather than damage to  liv er  parenchyma* I t  may be postulated that 
a fa tty  l iv e r  has a diminished capacity to  conjugate and excrete b iliru b in  
esp ec ia lly  i f  the b ilirub in  is  being produced in  excess* B ilirubin  
excretion te s ts  were not undertaken, but i t  would appear that in  many 
cases an extremely fa tty  liv e r  i s  s t i l l  capable of excreting normal 
amounts of endogenous bilirubin*
No case of marked elevation of prothrombin time was found in assoc­
ia tio n  with severe hepatic steatosis*  The prothrombin response to  
parenteral vitamin K in jections gives a more sen sitiv e  indication of th is  
particular hepatic function (Ungar a t  a l* , 1948) but was not undertaken 
in  th is  investigation*
The mean values for serum cholesterol and phospholipid seem rather low 
but are probably within the normal range for th is  age group* Low values
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are recorded in  n u tr ition al deficiency including choline deficiency  
(lu ca s , 1958)* Higher lev e ls  would have been expected i f  the fa tty  
l iv e r  under investigation  were associated with increased m obilization of 
fa t  from fa t  depots under the stimulus of starvation# I t  i s  f e l t ,  
however, that to be s ig n if ic a n t, th is part o f the in vestigation  should 
have included more cases, blood leve ls  of to ta l lip id  and figures from 
normal controls of the same age group* Owing to the technical d i f f i ­
c u lt ie s  involved and lack of adequate f a c i l i t i e s ,  th is  was impracticable• 
As expected the serum cholesterol esters were reduced in two cases with 
liv e r  necrosis#
Other accredited liv er  function t e s t s ,  e*g*, blood lev e ls  of 
alkaline phosphatase and clearance of hippuric acid , were not undertaken# 
I t  was hoped to carry out bromsulphthalein excretion t e s t s ,  but th is  dye 
was unobtainable a t the time of the investigation* Impaired excretion  
of bromsulphthalein has been reported in  cases of uncomplicated fa tty  
l iv e r ,  e*g*, by Popper (1954), and apparently th is  is  not due to compress­
ion of sinusoids by fat-laden  c e lls  (Kessler et a l» ,  1954)*
The notable e ffec t of established liv er  necrosis on the liv e r  
function te s ts  which were performed is  an indication of the e ffic ien cy  of 
these* Consequently i t  i s  reasonable to assume that no severe degree of 
l iv e r  dysfunction was present in the remaining cases, and that the sever­
i ty  o f the i l ln e s s  in  in fa n tile  gastro-en teritis oannot be attributed to  
th is  cause* By oontrast, the third case of “h ep a tit is” was never 
severely i l l  in  sp ite  of the presence of established liv e r  dysfunction#
Pathogenesis of F a tty  L iver
I t  i s  now commonly accepted th a t  the l i t e r a l  in te rp re ta t io n  of the 
terms ’’f a t t y  in filtra tio n * *  and " fa tty  degeneration’* , in troduced hy 
Virchow, can he confusing when applied  to  the l iv e r .  On the other hand, 
the un q u a lified  use of the term ’’f a t ty  change in  l iv e r ” may mislead hy 
suggesting a  s in g le  patho log ical e n t i ty .  The terms ’’physio log ical f a t ty  
l iv e r ” and "patho log ical f a t ty  liv e r"  have hean used (Peters & van Slyk, 
1946) and seem more appropriate  to a proper understanding of the co nd ition .
(1) P hysio log ical f a t ty  l iv e r . In  cases of th is  s o r t ,  plasma l ip id  
lev e ls  are ra ise d  hut th e ir  p a tte rn  is  not d is to r te d , and the l iv e r  
rece iv es  abnormal amounts of f a t  through normal f a t  tra n sp o rt mechanisms.
I t  i s  assumed th a t  the in tra -h e p a tic  metaholism of f a t  i s  not deranged hut 
th a t  f a t  accumulates w ithin  l iv e r  c e lls  as a r e s u l t  of increased in tak e .
The condition  may he found*
(a) follow ing ingestion  and absorption of a f a t ty  mealj
(h) follow ing accelera ted  m obilization o f f a t  from f a t  depots in  the
body secondary to  some deficiency in  carbohydrate u t i l i z a t io n ,  as in  
s ta rv a tio n  and un treated  diabetes m ellitu s  with k e to s is .
(2) Patho log ical f a t ty  l iv e r . This term im plies a primary defect 
in  f a t  metabolism involving tra n sp o rta tio n  of f a t  by phosphorylated com­
pounds or ch o le s te ro l e s te rs  in  the blood stream , or i t s  metabolism w ith in  
l iv e r  c e l l s .  Examples of th is  type axe:
(a) P a tty  l iv e r  asso cia ted  with to x ic  h e p a t i t i s ,  e sp ec ia lly  th a t  due
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to  in g e s tio n  o f chemical hepatotaxins* Liver necrosis  is  u su a lly  
ev id en t, but f a t ty  chaige can be more conspicuous, as in  phosphorus 
poisoning* In  these cases th ere  is  good c l in ic a l  evidence of l iv e r  
dysfunction*
(b) P a tty  l iv e r  associa ted  w ith anox ia , o ther than the h is to x ic  type 
which would be included under 2(a)* Liver parenchymal c e l l s ,  l ik e  o ther 
sp ec ia liz ed  c e l l s ,  are  r e la t iv e ly  sen sitiv e  to  d ep riv a tio n  of oxygen so 
th a t  f a t ty  change may be a m anifestation  of minor degrees of c e l l  damage 
in  severe anaemia and systemic venous congestion? in  c ir rh o s is  f a t ty  
change may be found w ith in  regenera ting  nodules rendered r e la t iv e ly  
ischaemic by the development of in tra -h ep a tic  vascular shunts*
(c ) P a tty  l iv e r  induced through deficiency of l ip o tro p ic  fa c to rs  not 
produced endogenously* The normal tra n sp o rta tio n  and metabolism of f a t  
a re  dependent on these fac to rs  which include c e r ta in  am ino-acids, f a t ty  
acids and components of the vitam in B complex* This type of fa t ty  l iv e r  
has been stud ied  ex tensively  w ith experimental animals*
In  the cases under in v e s tig a tio n , l iv e r  necrosis was a fea tu re  of 
only about 2 per cent and i t  seems reasonable to  dism iss to x ic  fa c to rs  as 
causes o f f a t ty  liv e r  in  the remainder* There was no c o rre la tio n  between 
f a t ty  l iv e r  and any form of medicinal therapy which might have had a  minor 
d e le te rio u s  e ffe c t on hepatic  c e lls*  Patty  l iv e r  has been a t tr ib u te d  to  
aureomycin (Yesner e t a l ** 1951} Sutherland e t  a l ** 1951} Di Luzio & 
Z ilv e rsm it, 1956) but th is  a n t ib io t ic ,  being d i f f i c u l t  to  obtain  a t  the
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time of th is  study , was given to  one p a tie n t only in  the s e r ie s  (a oase 
of staphylococcal pneumonia w ith  septicaem ia)*
Anoxia, whether of the anaemic, stagnant or anoxic ty p es , may l ik e ­
wise he dism issed from a consideration  of the pathogenesis o f Ih tty  l iv e r  
in  th is  s e r ie s  of cases* Many p a tie n ts  were shown to  he moderately 
anaemic follow ing r e l i e f  of dehydration, but th e re  was no c o rre la tio n  
between the roughly estim ated haemoglobin value and the se v e rity  of f a t ty  
liv e r*  Anaemia was never p resen t to the profound degree generally  
asso c ia ted  w ith  fa t ty  l iv e r  in  adu lts*
I t  has already been observed th a t a marked degree of lipaem ia may be 
found in  in fa n ts  follow ing a fu ll-cream  milk feed* This physio log ical 
f lu c tu a tio n  in  blood f a t  level has been noted freq u en tly , e*g«, Hejda
(1950)} Man and Gildea (1952)* I t  is  a v ariab le  phenomenon (McClure & 
H untsinger, 1928) ,  being exaggerated i f  the d ie t  is  d e f ic ie n t in  p ro te in  
and carbohydrate (Bang, 1918)* Dogs starved  fa r 7 to  14 days become 
r e la t iv e ly  in to le ra n t of ingested f a t  and abnormally high blood lev e ls  
follow  a  f a t ty  meal in  these circumstances (Rony & Ching, 1930)*
However, A lbrink and Neuwirth ( i 960) obtained the opposite e f fe c t  in  a 
few hiima-n a d u lt sub jec ts  s tarved  fa r periods af up to  one week* The 
a s so c ia tio n  of f a t ty  l iv e r  w ith hyperlipaemia is  a lso  well-known* Both 
are  produced in  fowls by over-feeding and th is  is  u t i l iz e d  fa r  the pro­
duction  of pate from goose liv er*  Hyperlipaemia and f a t ty  l iv e r  a lso  
occur in  geese during the egg-laying season (Flock e t  a l* ,  1937)* Meyer 
and H artro ft (1960a) induced polyphagia in  r a ts  by hypothalamic damage,
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and th is  re su lte d  in  a  c h o lin e -re s is ta n t f a t ty  l iv e r .  The r a t e  of 
development of physio log ical f a t ty  l iv e r  can be rap id  ,  p o ssib ly  ’fcft-THwg an 
hour or le s s  (Dury & Treadw ell, 1953)*
The f a t ty  l iv e r  under in v estig a tio n  cannot be explained so re a d ily . 
Many l iv e r  b iopsies  showing advanced s te a to s is  were performed when the 
in fa n ts  were tak ing  l i t t l e  or no m ilk . I t  is  p o ssib le , however, th a t  the 
p e rs is ten ce  of minor degrees of f a t ty  change during convalescence, and in  
some cases w ith  no de tec tab le  c l in ic a l  abnorm ality, may have had th is  
simple physio log ical exp lanation .
M obilization  o f endogenous f a t  may be associa ted  likew ise w ith f a t ty  
l iv e r .  In  s ta rv a tio n , the iodine number of l iv e r  f a t  becomes the same 
as th a t in  subcutaneous tissu e s  and other f a t  depots. Dible (1932) 
showed th a t  f a t ty  l iv e r  w il l  p e r s is t  in  fa s tin g  r a t s  so long as these 
animals r e ta in  a  s to re  of endogenous f a t ,  and th is  was confirmed la te r  in  
ra b b its  (Dible & Libman, 1934) ® The phenomenon i s  most pronounced in  
m ice, whose l iv e r  f a t  may r is e  by 300 per cent a f t e r  one day*s s ta rv a tio n  
(Hodge e t  a l . ,  1941)© These animals are very extravagant in  th e ir  use 
of th is  f a t  as a source of energy and death ensues in  a few days i f  
s ta rv a tio n  i s  no t re l ie v e d . By co n trast the f a t ty  l iv e r  induced by high 
f a t  d ie t  may be reduced by a sp e ll  of s ta rv a tio n , although s tu d ie s  w ith  
C1^ la b e lle d  f a t  rev ea ls  impaired f a t  metabolism in  these cases (Whitney 
& Roberts, 1955). Fine and Williams ( i 960) studied  the e f fe c t  of 
s ta rv a tio n , epinephrine, glucose and insul i n on the l ip id  content of
p o r ta l and h epatic  venous blood end concluded th a t the l iv e r  plays a  homeo­
s t a t i c  ro le  in  f a t  metabolism; in  p a rticu la r*  the blood lev e ls  of non- 
e s te r if ie d  f a t ty  ac id  is  con tro lled  by the amount withdrawn or re le a se d  by 
the liv e r#
The f a t ty  l iv e r  of in fan ts  w ith g a s tro -e n te r i t is  would appear to  have 
a good dea l in  common with some of these experimental re su lts*  D epletion 
of food in take amounting to  s ta rv a tio n  was ce rta in ly  presen t in  many 
babies a t  the time of th e ir  admission to  h o sp ita l when f a t ty  l iv e r  might 
be extreme* The r e l i e f  of th is  s ta te  of und ern u tritio n  was o ften  a 
m atter of g rea t d i f f ic u l ty  as long as symptoms of the in fe c tio n  p e rs is te d  
and accordingly  s te a to s is  would remain fo r  days or weeks and reso lve only 
g radually  with c l in ic a l  recovery* This in v estig a tio n  has shown a 
re la tio n s h ip  between the degree of f a t ty  change and reduction  in  the 
in take  of a l l  energy-producing food components* including carbohydrate* 
and a  re la tio n s h ip  a lso  with hypoglycaemia* reduction  in  l iv e r  glyoogen 
and k e to sis*  The absence of severe hepato -steatoeis among the very 
young in fa n ts  in  th is  se rie s  could be explained in  the l ig h t  of th is  
theory by the  r e la t iv e  sparseness of subcutaneous f a t  in  the very young# 
Conversely, i t  was noted th a t obese babies frequently  had very f a t ty  
l iv e rs  «
The incidence of ketonuria was high in  th is  se rie s  compared with 
other rep o rts#  No attem pt was made to  study ke tosis  by any q u an tita tiv e  
method# Blood e le c tro ly te  s tud ies  would have contributed l i t t l e  to  
th is*  s in ce  ac idosis  in  in fa n ti le  g a s tro -e n te r i t is  may e x is t  f a r  reasons
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other than k e to sis  (S te in i tz ,  1903; Howland & M arrio tt, 1916} Schloss & 
S te tso n , 1917> M a rr io tt,  1920), the most usual oause being re n a l function** 
a l  impairment asso c ia ted  with dehydration (Schloss, 1918; Maizels & 
McArthur,  19295 K are litz  & Schick, 1931; Schoenthal e t  a l . ,  1933;
Marples e t  a lo ,  1934)• Indeed, minor degrees of re n a l tubu lar damage 
are  frequen t (B lack, 1959)• Other fac to rs  con trib u tin g  to  ac id o sis  
include the accumulation of m e tab o lites , such as la c t ic  ac id , and the 
tra n s fe r  of sodium ions in to  c e l ls  (Darrow, 1946)#
A g rea t deal of experim ental work has been done on the production of 
f a t ty  l iv e r s  by means of o e rta in  d ie ta ry  d e f ic ie n c ie s , e sp ec ia lly  in  small 
ro d en ts , which has led  to  the disoovery of lip o tro p ic  fao tars#  These 
have been reviewed recen tly  by Comatzer (1960) .  I t  would be reasonable 
to  suspect a d efic iency  of these fac to rs  in  a d isease w ith n u tr i t io n a l  
d is tu rb an ce , such as g a s tro - e n te r i t is ,  and so th e ir  therapeu tic  e f fe c t 
became p a rt of the investigation#
These experim ental d ie ts  are generally  r ic h  in  f a t  and poor in  
p ro te in  and th e ir  e f fe c t on the liv e r  can be re liev ed  by the ad d itio n  of 
p ro te in , such as casein  which is  r ic h  in  the amino-acid methionine (Best 
& Huntsman, 1939)# Methionine can be transm ethylated in  vivo to  farm 
choline (du Vigneaud e t  al.#, 1940; 1941) which is  requ ired  fo r  the tra n s ­
p o rt of f a t  to the l iv e r  and i t s  metabolism th ere in  (Perlmann & Chaikoff, 
1939a & b ) ,  p a r t ic u la r ly  with regard to le c ith in  formation# Consequently, 
the a d d itio n  of choline to the experim ental d ie t has the same e f fe c t  in  
reducing l iv e r  f a t  as casein  or methionine and may even be su p erio r to
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m ethionine, which cannot rep lace choline completely (Young e t  a l #,  1956), 
There a re  various o ther types of experim ental f a t ty  l iv e r  which are  
u naffected  hy ch o lin e , hu t a l l  f a i l  to  respond to  the app rop ria te  therapy 
i f  choline i s  completely lacking in  the d ie t  (Luoas, 1958)•
F a tty  l iv e r  can a lso  he induced in  animals rece iv ing  normal amounts 
of methionine or choline i f  substances are added which antagonise th e i r  
l ip o tro p ic  a c tio n . Thus, cystine may aggravate a tendency to  f a t ty  
l iv e r  hy d iv e r tin g  methionine to  the acce lera ted  anaholism of p ro te in , 
ra th e r  than the syn thesis  of choline (G r if f i th ,  1941a; Mulford & G r i f f i th ,  
1942). Ethionine has the same e f f e c t ,  e sp ec ia lly  on female r a t s ,  
apparently  hy ac tin g  as a methionine an tag o n ist. Niootinamide may in te r ­
a c t w ith  methionine to  form N-methy 1-nicotinam ide, thereby in h ib itin g  i t s  
l ip o tro p ic  a c tio n  (Handler & Dub in ,  1946)* Transm ethylation of methionine 
to  choline is  dependent on the methyl tran sp o rtin g  agen ts, vitam in B12 and 
fo l ic  a c id ;  consequently a re la t iv e  choline deficiency  may a r is e  from 
defic iency  of these factors*
In  th is  se rie s  of cases the adm in istra tion  of choline or methionine 
in  s u b s ta n tia l  doses had no notable e ffec t on the f a t  content of the l iv e r .  
There may have been impaired in te s t in a l  absorp tion  of these  substances 
given o ra l ly ,  but p a ren te ra l adm in istration  was equally in effec tiv e*
Popper e t  a l * (1951) found no in h ib itio n  of choline absorp tion  in  p a tie n ts  
w ith acute symptoms o f severe l iv e r  d isea se , while in  c ir rh o s is  the 
absorp tion  r a te  i s  a c tu a lly  accelerated*
Experimental d ie ts  d e f ic ien t in  choline or methionine are  a l l  h igh ly
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a r t i f i c i a l  and i t  i s  doubtful i f  there  i s  ever a d efio ien ty  of th is  s o r t  
in  human d ie ts  or indeed in  any mammalian d ie t under n a tu ra l circum stances. 
A normal ad u lt d ie t  contains about 300 to  600 mg. choline d a i ly ,  but much 
of th is  may be broken down to  trimethylamine by in te s t in a l  b ac te ria  (de la  
Huerga & Popper, 1951)* Man may share with guinea-pigs and ra b b its  a 
n a tu ra l re s is ta n c e  to  choline deficiency  (Blumberg e t a l . ,  1942; S pellberg  
e t  a l . .  1942; Handler, 1949)* Endogenous production of choline from 
ethanolamine and methyl groups derived from sulph-hydryl containing amino- 
acids has been shown to occur in  man (Simmonds e t  a l . ,  1943)®
The f a t ty  l iv e r  of g a s tro -e n te r i t is  has some fea tu res  which d if f e r  
from the hepatic  le s io n  of experimental choline d efic ien cy . In  most of 
my cases f a t  was lim ited  to  the p e rip o rta l hepatic c e l l s ,  or was maximal 
in  the p e r ip o r ta l zone of each lobu le , w hile , in  choline d efic ien cy , l iv e r  
f a t  has a  c en tr ilo b u la r  d is tr ib u tio n . Best e t  a l  • (1955) and Meyer and 
H a rtro ft (1960b) found th a t  choline had no e f fe c t on a p e rip o rta l- ty p e  
f a t ty  l i v e r ;  in  f a c t ,  i t  may aggravate i t .  However, i t  i s  possib le  th a t  
the  d is tr ib u tio n  of l iv e r  f a t  depends on species as w ell as a e tio lo g io a l 
fa c to rs ;  monkeys fed a cho line-defic ien t d ie t for a year or more have the 
p e r ip o r ta l  type of le s io n  which does not progress to  c ir rh o s is  (Mann e t  
a l . .  19531 Wilgram a t al®> 1958)®
By co n tra s t w ith g a s tro -e n te r i t is ,  animals with cho line-defic iency  
f a t ty  l iv e r  have hyperglycaemia due to abnormal glucose to lerance 
(W aldstein e t  a l . ,  1957)* Choline has no e f fe c t  on the f a t ty  l iv e r  
induced by s ta rv a tio n  (Goldschmidt e t a l» ,  1939)® McKay £ t  a l .  (1939)
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found o therw ise, although k e to s is  remained unchanged.
S everal o ther substances possess a  lip o tro p ic  e f f e c t  on experim ental 
f a t t y  l iv e r  and a  few of these  have been in v estig a ted  in  th is  work. The 
numbers of p a tie n ts  so tre a te d  a re  sm all s ince i n i t i a l  r e s u l ts  were not 
encouraging. Pyridoxine, which was given to six  b a b ie s , i s  sa id  to  
augment the  l ip o tro p ic  a c tio n  of choline (Engel, 1942) .  Moreover, 
d e fic ien cy  of th is  vitam in alone w ill  cause f a t ty  l iv e r  in  r a t s  (H allid ay , 
1938) and aggravate the e f fe c t  of choline defic iency  ( G r i f f i th ,  1941b). 
R inehart and Greenberg (1956) re p o rt s im ila r  r e s u l ts  in  monkeys; these  
anim als develop f a t ty  l iv e r  i f  maintained on a p y rid ax in e -d e fic ien t d ie t  
f a r  th re e  to  e ig h t months. Monkeys, however, may be r e la t iv e ly  su scep t­
ib le  to  th i s  type o f n u tr i t io n a l  deficiency  as th e ir  d a ily  maintenance 
requirem ent of pyridoxine (3 to  5 nig.) exceeds the average d a ily  human 
in ta k e .
Like ch o lin e , in o s i to l  is  e s se n tia l  fo r  normal f a t  m etabolism, and i t s  
absence from sy n th e tic  d ie ts  causes f a t ty  l iv e r  in  r a t s ,  even i f  such d ie ts  
a re  poor in  f a t  as w e ll as p ro te in  (Engel, 1942)#
Lack of panto thenic ac id  causes f a t ty  l iv e r  in  dogs (Severi & Fonnesu, 
1956). Rats u su a lly  die o f adrenal haemorrhage before the l iv e r  change 
is  e v id e n t. A ctivated  pantothenic acid  (Co-enzyme A) i s  one component of 
l iv e r  c e l l s  damaged by the in g estio n  of chemicals such as carbon t e t r a ­
ch lo rid e  (C h ris tie  & Judah, 1954)# and f a t ty  change as w ell as n e c ro s is  is  
a  f e a tu re  o f  th e  l iv e r  le s io n  in  such cases of toxic h e p a titis*
An in crease  in  l iv e r  f a t  has been noted in  r ib o f la v in -d e f ic ie n t dogs
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(P o tte r  e t  a l , ,  1942) and swine (Waisman, 1944)# but i s  no t described  in  
reviews of th is  deficiency  in  man (Parsons, 1944; Copping, 1945),
Opinions vary on the value o f crude l iv e r  ex trac t as a lip o tro p ic  
agent • P o sitiv e  r e s u l ts  are described in  experimental animals which could 
not be explained by the choline content of the ex trao t (H all & D r i l l ,  1948) 
or the presence of in o s ito l  and fo lic  acid  (McCormick & D r i l l ,  1950). 
P ossib ly  the trans-m ethy la ting  e ffe c t of the vitamin B]2 in  the compound 
was responsib le  (S h ils  & S tew art, 1954)* A negative r e s u l t  w ith l iv e r  
e x tra c t was rep o rted  by Gyorgy and G oldblatt (1942) ,  while McHenry and 
Gavin (1940) obtained a lipogenic e ffe c t which might have been due to  
excessive thiam ine in  ih e ir  e x tra c t, thiamine being an in o s i to l  an tagon ist 
(G r if f i th ,  1941^)♦ Two d iffe re n t l iv e r  p reparations were employed in  the  
present in v e s tig a tio n , one fa r  o ra l and the o ther far p a ren te ra l admini­
s t r a t io n .  N either had any notable e f fe c t on liv e r  f a t .
L ipotropic agents not in vestiga ted  in  th is  se rie s  of cases include 
vitam in C, e f fe c tiv e  in  guinea-pigs (Spellberg & Keaton, 1939} 1940); 
h ep arin , e f fe c tiv e  in  dogs (Di Luzio U Z ilversm it, 1956); and b e ta in e , 
which lik e  m ethionine, is  a source of methyl groups fo r choline synthesis 
(Best e t  a l . ,  1950; Young e t  a l . ,  1956); manganese; c e r ta in  am ino-acids, 
e .g . ,  ly s in e , threonine and arg in ine (S co tt, I960). Poly-unsaturated 
f a t ty  acids are a lso  lip o tro p ic  (Engel, 1942; Decker e t  a l . ,  1950), while 
a  h igh percentage of C1^ to  C18 f a t ty  acids in  the d ie t has the opposite 
e f fe c t  (Channon & W ilkinson, 1936). Consequently, a syn the tic  d ie t w ith  
b u tte r  and la rd  in  place of vegetable o i l  is  mare e ffec tiv e  in  the
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experim ental production of f a t ty  l iv e r  (Benton e t a l* ,  1956, 1957; 
S pellberg  e t a l* ,  1942). The e ffic ien cy  o f choline as a lip o tro p ic  
agent may he impaired in  the absence of c e r ta in  f a t ty  ac ids from the  d ie t  
(Engel, 1942). Such experimental re s u l ts  can have no bearing on the 
p resen t in v e s tig a tio n s , since the type of f a t  ingested was the same fo r  
a l l  cases*
In  the experim ental production of d ie ta ry  f a t ty  l iv e r ,  red u c tio n  in  
p ro te in , ir re sp e c tiv e  of case in , methionine or b e ta in e , may be ju s t  as 
im portant as excessive adm in istra tion  of sa tu ra ted  f a t ty  acids (Deo & 
Ramalingaswani, i 960)* The le v e l of chicken liv e r  f a t  is  usually  
in v erse ly  p roportional to  d ie ta ry  p ro te in  w ith in  the range of 14 to  30 
per cen t (Donovan & Balloun, 1955)* The same is  true of ra ts  (Harper e t  
a l* , 1954} Lucas & Ridout, 1955), when the l iv e r  f a t  so induced has a 
p e r ip o r ta l  d is tr ib u tio n  (Lucas, 1958)*
Kwashiorkor, which i s  a m ultip le n u tr i t io n a l  defic iency  syndrome 
includ ing  f a t ty  l iv e r ,  responds to adm in istra tion  of p ro te in  or a  mixture 
of e s se n tia l  am ino-acids. This is  discussed in  more d e ta i l  below.
In  th is  s e r ie s  casein  hydrolysate did appear to  reduce l iv e r  f a t  in  some 
cases but unfortunate ly  had a tendency to  exaggerate the symptoms of 
g a s tr o - e n te r i t i s ,  and one case developed l iv e r  necrosis  during th is  
treatm ent* Far these reasons i t s  use in  a la rg er number of cases was 
considered to  be undesirable* The adm in istration  of d ilu te  r e c o n s t i tu t­
ed human plasma as a source of pro te in  had no notable e f fe c t on l iv e r  f a t .
From a  consideration  of the complex pathogenesis of f a t ty  l iv e r  and
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th e  r e s u l t s  of th is  in v es tig a tio n  i t  'would, appear th a t  th i s  hepatic  
m an ifesta tio n  of g a s tro -e n te r i t is  is  probably re la te d  to  dep le tion  of 
food in  g en era l, r a th e r  than to  the lack of any p a r tic u la r  vitam in or 
o ther lip o tro p ic  fac to r*  D epletion of food intake in  these in fa n ts  
n a tu ra lly  includes carbohydrate, p ro te in  and f a t  in  appreciable amounts 
without any a l te r a t io n  in  the r e la t iv e  q u an titie s  of each* Consequently, 
there  i s  no d isp roportion  of any one food component as i s  obtainable in  
experim ental work* Carbohydrate dep letion  could most read ily  exp la in  the 
development of f a t ty  liv e r  in  these bab ies , but i t  is  q u ite  possib le  th a t 
the  a sso c ia ted  dep le tion  of p ro te in  was a con tribu ting  factor*
The Influence of Hormones on the Development of F atty  Liver
Deoxycorticosterone ace ta te  has been recommended in  the treatm ent of 
re f ra c to ry  dehydration and m alnu trition  in  infancy (B ig ler & Traisman, 
195l)« Z eizel and Stroder (1956) found evidence of adrenal c o r t ic a l  
dysfunction in  such cases, based an the study of c o r tic o id  ex c re tio n , 
e le c tro ly te  imbalance and eosinopenia, but only in  the presence of 
in fec tio n *  Changes in  endocrine function assoc ia ted  with s tre s s  a re  no 
doubt brought in to  p lay in  severe g a s tro -e n te r it is*  In  in fa n ts ,  as in  
a d u lts ,  there  i s  a r i s e  in  the excretion  of co rtico id s  under such circum­
stances (King & Mason, 1950) but s ta rv a tio n  may have an in h ib itin g  
in fluence (Landau e t  a l . ,  1948). The present in v estig a tio n  was under­
taken before  most of the recen t work on s tr e s s  and no attem pt was planned 
to  study adrenal function . A review of s ta in ed  blood film s of th e  f i r s t
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two groups of tw enty-five p a tie n ts  taken a t  or soon a f t e r  adm ission shows 
no remarkable change in  eosinophil coun ts. (Within a week of b i r th ,  the 
eosinophil count of fu ll- te rm  in fan ts  should be equivalent to  or s lig h tly  
h igher than th a t  of ad u lts  (Bongiovanni, 1950; Read e t a l . .  1950;
B u r r e l l ,  1955))* No no tab le  lesions were found in  the p i tu i ta ry  or 
ad ren al gLands in  any f a ta l  case; sudanophilic m ateria l was u su a lly  
depleted in  the zona fa sc ic u la ta  but th i s  observation is  un like ly  to give 
much inform ation on the functiona l s ta te  of the adrenal cortex  during 
l i f e *
Increased f a t  m obilization  is  a fea tu re  of s t r e s s  and may lead  to  
k e to s is  and f a t ty  l iv e r  (leblcmd e t  a l . ,  1959)• Selye ( l9 5 l)  regards 
f a t ty  l i v e r ,  and a lso  fo ca l necrosis of th is  organ, as m anifestations of 
s tre s s*  In ta c t  p i tu i ta ry  and adrenal function  i s  necessary fo r  the 
development of s ta rv a tio n  ketonuria in  experimental animals (F ry , 1957)/ 
b u t possib ly  no t in  man (K insell e t  a l* ,  1951)• S tresso rs  such as cold 
and endotoxin a re  s im ila r  to  epinephrine in  s tim ulating  f a t  m ob iliza tion , 
and adrenerg ic blocking agents are in h ib ito ry  (Wertheimer e t a l* ,  i 960) .
Cortisone has a marked e ffe c t on plasma l ip id s ,  causing e lev a tio n  of 
c h o le s te ro l and phospho-lipid and f a l l  in  neu tra l f a t ,  ir re sp ec tiv e  of 
d ie t  (A dlersberg, 1950)* Adrenalectomy has the opposite e f fe c t  (d i Luzio 
e t  a l . ,  1954)* I t  is  often  reported th a t  cortisone w ill  increase  l iv e r  
f a t  as w ell a s  glycogen, a t  le a s t in  c e r ta in  laboratory  anim als. In  
fowls th is  e f fe c t  is  obtained with hydrocortisone and co rtic o s te ro n e , but 
no t co rtisone (Stamler e t  a l* ,  1954? D ulin , 1956)*
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An in ta c t  adrenal cortex i s  apparently  necessary fo r the development 
of h ep a tic  s te a to s is*  but i t  is  not c lea r which p i tu i ta ry  hormone 
in fluences th is  adrenal function* Weil and Ross (1949) im plicate  growth 
hormone, but th is  hormone w ill suppress f a t ty  acid  syn thesis  (Allen e t  al** 
1956). Morrison (1952) found th a t both ACTH and STH increase  l iv e r  f a t ,  
the l a t t e r  in  the absence of the adrenals* A sp ec ia l p i tu i ta r y  f a t -  
m obilizing fa c to r  has been postu la ted  by Payne (1949) which may a c t 
independently of the adrenals (Levin & Farber, 1950)* Z arafonetis _et a l *
(1959) b e liev e  th a t  th is  is  derived from the p o s te rio r p i tu i ta ry  and th a t  
i t s  output i s  increased in  conditions of s tr e s s  follow ing a  r i s e  in  c i r c u l­
a tin g  co rtic o s te ro id s*  I t  ac ts  mainly on omental and m esenteric fa t*
I t  follow s th a t  adrenalectomy should in h ib i t  the development of f a t ty  
l iv e r  and th is  is  g en era lly  accepted, e*g ., Barnes a t al* (1941)} Ing le  
(1945)* I t  prevents the f a t ty  change normally induced by s ta rv a tio n  
(MacKay, 1937)* Tracht e t al* (1956) found th a t the operation  did not 
in h ib i t  m obilization  of f a t ,  e sp ec ia lly  epididymal f a t ,  although i t  
prevented s ta rv a tio n  f a t ty  l i v e r ; on the o ther hand, hepatectooy was 
in h ib ito ry *  I t  may be in co rrec t to  assume th a t the l iv e r  i s  only 
a ffec ted  p assiv e ly  by increased m obilization o f f a t ;  on the con tra ry , 
th is  asp ec t of f a t  metabolism may be under a c tiv e  con tro l by the liv e r*
In  view of these findings and the fa c t th a t  severe f a t ty  l iv e r  was 
found freq u en tly  in  asso c ia tio n  w ith severe i l ln e s s ,  i t  cannot be denied 
th a t adrenal c o r tic a l  hyperfunction may have contributed to  i t s  patho­
genesis* This would appear to be a su itab le  p ro je c t fo r fu rth e r  study
-  69 -
now th a t  methods a re  av a ilab le  fa r  q u an tita tio n  of c irc u la to ry  c o r tic o ­
s te ro id s*  Of course , i t  i s  obvious th a t the hepatic  s te a to s is  cannot be 
explained by th is  mechanism alone because of the asso c ia ted  lack of l iv e r  
glycogen, hypoglycaenda and the normal eosinophil counts*
Other Types of Human F atty  L iver
F a tly  l iv e r  i s  not described in  acute alim entary in fec tio n s  of com­
parable se v e rity  in  a d u lts ,  such as cho lera , acute dysentery and b a c te r ia l  
food poisoning* I t  is  frequen tly  a sso c ia ted , however, with chronio 
d ig e s tiv e  d istu rbances, such as chronic p a n c re a titis  and u lc e ra tiv e  
c o l i t i s ,  and may be complicated by liv e r  f ib ro s is  and c ir rh o s is*
C irrhosis  associa ted  with f a t a l  u lce ra tiv e  c o l i t i s  can be of the coarse 
p o s t-h e p a tit ic  type ra th e r  than the f in e r  f a t ty  type, and Hoffbauer e t  
a l * ( 1953) suggest th a t th is  i s  due, no t to  a n u tr i t io n a l  defic ien cy , but 
to  v iru s  B h e p a ti t is  derived from p a ren te ra l infusions*
B ible (1951) has reviewed the numerous conditions in  man asso c ia ted  
w ith f a t ty  l iv e r  and l i s t s  anaemia, toxaemia (both chemical and b a c te r ia l)  
and s ta rv a tio n  as the important causes* None of these  need progress to  
l iv e r  f ib ro s is  or c irrh o sis*  In  th is  country f a t ty  c ir rh o s is  i s  common­
e s t  in  obese females in  asso c ia tio n  with alcoholism  or an in fe c tio n ; 
however, the incidence of a lcoho lic  c ir rh o s is  is  much lower here compared 
with many o ther co u n trie s , notably U*S*A* and France* Unlike the 
find ings in  th is  s e r ie s  of g a s tro -e n te r i t is  oases, l iv e r  function  t e s t s  
in  n u tr i t io n a l  alcoholic l iv e r  d isease in  adu lts  a re  often abnormal,
bu t the degree of dysfunction i s  no t n ecessa rily  re la te d  to  the degree 
of f a t ty  change (Leeyy e t a l* ,  1953)* Moreover,  o besity  alone in  a d u lts  
can be asso c ia ted  w ith the same hepatic s tru c tu ra l  and fu n c tio n a l d efec ts  
Zelman ( 1952) found th is  to  be so in  nineteen out of twenty males who 
were 50 to  100 per cent overweight*
I t  i s  w ell known th a t experim ental animals with f a t ty  l iv e r  are  
unduly su scep tib le  to  hepatoxins and possib ly  the same applies to  hnmw.n 
cases* This could be a fac to r in  the pathogenesis of hepatic  n ecro sis  
in  in f a n t i le  g a s tro - e n te r i t is ,  although in  the present s e r ie s  the in c id ­
ence of th is  com plication was low in  sp ite  of the co-existence of severe 
s te a to s is  and p a re n te ra l in fe c tio n  w ith toxaemia* Popper e t  a l * (1955) 
suggest th a t  l iv e r  c e l l  destru c tio n  in  the f a t ty  liv e rs  o f a lcoho lics  
lead ing  to  c ir rh o s is  may be due to  the toxaemia of p a ren te ra l in fe c tio n , 
u sually  in  the re sp ira to iy  tra c t*  Broad-spectrum a n tib io t ic s  prevent 
c ir rh o s is  in  ch o lin e-d efic ien t r a t s  (Rutenburg e t  a l* , 1957)* There 
a r e ,  o f course, o ther explanations fo r l iv e r  f ib ro s is  and c irrh o s is  in  
f a t ty  l i v e r ;  th u s , f lu c tu a tio n  in  the amount of liv e r  f a t  could lead to  
d iso rg an iza tio n  of c e l l  p la te s  with a lte re d  lin es  of s tr e s s  in  which 
connective tissu e  sep ta  would appear* The work of H a rtro ft and S e lle rs  
(1952) on choline deficiency in  r a ts  has revealed the importance of f a t  
cysts  in  the  liver*  These cy s ts , formed by coalescence of f a t—laden 
c e lls  may rup ture causing both f a t  embolization in  d is ta n t organs and 
condensation of l iv e r  stroma* This has been described a lso  in  man by 
H artro ft (1953)• Fat cysts were seen in  some cases during the p resen t
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work and s ta in a b le  f a t  could be detected  w ithin  hepatic  v e s se ls , but not 
re n a l  glomeruli* In  s p ite  of th is  th e re  was seldom more than minimal 
condensation of r e t ic u l in  or collagen f ib re  formation a t  s i te s  of f a t ly  
change* Pat cy s ts  are probably of much le ss  importance in  hnin«.n c ir rh o s is  
compared w ith th a t  induced in  rodents by d ie ta ry  means*
These) cases o f n u tr i t io n a l and a lcoho lic  l iv e r  d isease  in  man have 
been the su b jec t of many in v estig a tio n s  in to  the therapeu tic  value of 
lip o tro p ic  ag en ts , and the re s u l ts  are co n flic tin g . At one tim e, a d ie t  
r ic h  in  p ro te in  and supplemented with cho line , methionine or cystine  was 
regarded as b e n e f ic ia l (F ranklin  e t al** 1948) 9  even i f  alcohol was no t 
withdrawn (Patek e t  al** 1948)* Apart from associa ted  m aln u tritio n , the 
body 's requirem ents of choline may be ra ise d  in  alcoholism , as increased 
amounts of a c e ty l co-enzyme A, a metabolic product o f choline, a re  
req u ired  fo r  the  oxidation of alcohol (K latsk in , 1959)* R ecently , in  the 
treatm ent of alcoholism , more value has been a ttr ib u te d  to h o sp ita liz a tio n  
and withdrawal of alcohol than to the composition of the d ie t  (Popper e t  
al** 1950; Leevy e t al** 1953)* 3n f a c t ,  there may be considerable 
c l in ic a l  improvement in  the presence of a p e rs is te n tly  negative n itrogen  
balance ****3 severe fa t ty  l iv e r  (Eokhardt e t  a l *,  1950)* P h il l ip s  and 
Davidson (1954) rep o rt improvement in  a few cases given only g lucose- 
s a lin e  and ch o lin e , although a proper n u tr it io u s  d ie t was b e tte r*  Others 
recommend a  high p ro te in  d ie t  but regard supplementary m ethionine, choline 
or cystine as w ithout value (Buck, 194® 5 Morey <e t a l* ,  1952)* I t  would 
appear th a t a  wide v a ria tio n  in  d ie t is  compatible w ith c l in i c a l ,  i f  not
p a th o lo g ica l, improvement. Even a high f a t  d ie t  can he b e n e f ic ia l ;  
Mindrum and S ch iff  (1955) record improvement in  both l iv e r  s tru c tu re  
function  in  a lco h o lics  tre a ted  in  th is  way. The presence of f a t ly  l iv e r  
does no t imply th a t the body is  incapable of u t i l iz in g  fa t*
The f a t ty  l iv e r  of in fa n ti le  g a s tro -e n te r i t is  is  s im ila r to  th a t 
asso c ia ted  w ith  these more chronic n u tr i t io n a l  d e fic ien c ie s  in  ad u lts  in  
so fa r  as i t  appears to  regress w ith improved n u tr i t io n  but i s  unaffected  
by supplementary lip o tro p ic  fa c to rs . I t  is  d iffe re n t in  th a t  there  i s  
r a re ly  any asso cia ted  l iv e r  necrosis , f ib ro s is  and impaired hepatic  
fu n o tio n . In  the ad u lt type under d iscussion , there  is  a  tendency to  
”p in -p o in t” fo ca l n e c ro s is , i n f i l t r a t io n  with inflammatory c e l ls  includ ing  
n eu tro p h il polymorphs, and f ib ro s is ,  even a t  an  ea rly  stage and before 
c ir rh o s is  i s  estab lished  (Popper ejb a l . ,  1955)* Death may occur from 
l iv e r  f a i lu r e  ra th e r  than the e ffe c ts  of c ir rh o s is  (K latsk in , 1959)•
There may be chemical p e c u lia r itie s  in  the type of fa t  w ith in  the l iv e r  
c e l ls  (Thannhauser & R einste in , 1942)* Masses of dense hyaline m ate ria l 
(tta lco h o lic  h y a lin ” or ”Malloiy bodies”) are described in  the l iv e r  c e l l  
cytoplasm of these ad u lt cases (Norkin e t a l* , I960)* They were not 
observed in  my m ateria l although the optimal conditions fo r  dem onstration, 
v iz* , a lcoho l f ix a tio n  followed by phosphotungstic acid haematoxylin
s ta in in g , were not ca rried  out*
No d iscussion  on fa tty  liv e r  in  children would be complete w ithout 
reference to  kwashiorkor (“in fa n ti le  p e llag ra”)* This condition  a r is e s  in  
young ch ild ren  « f te r  weaning and i s  due to a d ie t r ich  in  carbohydrate
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but g ro ss ly  d e f ic ie n t in  p ro te in ; or there may be d e f ic ie n t absorp tion  
and sy n th esis  of p ro te in  from an u n sa tis fa c to ry  d ie t (C rav ia to , 1958),
The i l ln e s s  v a r ie s  somewhat in  in te n s ity  in  d iffe re n t p a r ts  of the world, 
e sp e c ia lly  in  many tro p io a l and su b -tro p ic a l countries* but i t  is  no t 
found in  B rita in o  Among the various lesions which comprise th is  
syndrome, f a t ty  l iv e r  is  a constant and usually  vexy s tr ik in g  fea tu re  
and could have a pathogenesis s im ila r  to th a t  of the f a t ty  l iv e r  in  
g a s t r o - e n te r i t i s ,  although the two conditions are d iss im ila r  in  o ther 
respects*  Diarrhoea i s  not uncommon in  kwashiorkor but u sually  mild in  
comparison to  th a t occurring in  g a s tro -e n te r i t is  (Dean, I960)* Sometimes, 
however, the onset of kwashiorkor may date from an acute g a s tro - in te s t in a l  
in fe c tio n  (G erbasi, i 960) ,  and may b en efit from treatm ent w ith a n t ib io t ic s  
(Gerbasi & Burgio, 1955)•
The d ie t  of these p a tien ts  is  poor in  f a t  as w ell as p ro te in  so th a t  
carbohydrate may be th e  source of liv e r  fat# As in  a d u lts  w ith n u tr i t io n ­
a l  f a t ty  l iv e r ,  th is  fa t  is  unusual in  composition, being r ic h  in  sa tu ra ted  
f a t ty  ac id s and poor in  non-saponifiable f a t  and phospho-lipid (Macdonald, 
I960)* U nfortunately , there is  no information for comparison from 
g a s tro - e n te r i t is  m aterial*
As in  g a s tro - e n te r i t i s ,  the c l in ic a l  sev erity  and prognosis of 
kwashiorkor have been co rrelated  w ith and a ttr ib u te d  to  f a t ty  l iv e r  without 
supporting  evidence of impaired l iv e r  function# Gillman and G ill,man 
( l 945d; 1946) a t  one time regarded severe hepatic s te a to s is  as a cause 
of death  in  these cases and assessed prognosis on the amount o f s ta in ab le
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f a t  p resen t in  biopsy specimens* I t  was suggested a lso  th a t  those 
ch ild ren  who survived would develop c irrh o s is  (Gillman & Gillman, 1945o), 
although the presence of excess iron-contain ing  pigment in  these l iv e rs  
("c y to -s id e ro s is" )  might induce f ib ro s is  (Gillman & Gillman, 1944? 1945b).
The r e s u l ts  of more recen t inv estig a tio n s  co n trad ic t these ideas 
(Trow ell, 1954; Gillman & G ilb e rt, 1954)• Campbell (1956) found fo ca l 
l iv e r  n ec ro sis  in  a few cases of kwashiorkor but no evidence of c i r rh o s is .  
Higgins on ^et a l * (1957) have made an extensive study of l iv e r  d isease in  
the Bantu* I t  is  w ell known th a t  c irrh o s is  and primary cancer of l iv e r  
a re  common among th is  race whose ch ild ren  frequen tly  su ffe r  from 
kwashiorkor* These authors could no t demonstrate any sequence of 
s tru c tu ra l  change from fa tty  liv e r  to  c irrh o s is  and cancer# C irrh o tic  
l iv e rs  o f a d u lt  Bantu natives are not f a t ty  in  type and. need not be 
asso c ia ted  w ith any n u tr i t io n a l deficiency or alooholism* C irrhosis may 
be the r e s u l t  of in fe c tio n  such as v ir a l  h e p a tit is  and m alaria  (W alters & 
Water low, 1954) or of ingestion  o f c e rta in  hepato-toxins such as senecio 
(Sherlock, 1955)* The high iron  content of the Bantu d ie t  may a lso  be 
s ig n if ic a n t in  th is  respect (Higginson & Keeley, I960).
S e r ia l  l iv e r  b iopsies have been carried  out in  kwashiorkor to  study 
the th e rap eu tic  value of lip o tro p ic  fa c to rs . Gillman e t  a l#  (1944) 
te s te d  a number of substances, including crude liv e r  e x tra c t ,  brew er's 
y e a s t ,  n ic o tin ic  acid  and thiam ine, but found a l l  these to  be in e ffe c tiv e  
or even dangerous* Extract of hog's stomach did have a b en e fic ia l e f fe c t 
both on the c l in ic a l  condition and in  reducing l iv e r  f a t  (Gillman &
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Gillman, 1945&)* This was confirmed by Meneghello e t  a l#  (1949)# A 
s im ila r  b e n e fit was obtained in  ra ts  which developed f a t ty  l iv e r  when fed 
d ie ts  s im ila r  to  those consumed by these A frican ch ild ren  (Gillman & 
Gillman, 1945a)# Black-coated mice are a lso  suscep tib le  (Hodson, I960); 
the ad d itio n  o f s in g le  food fa c to rs , such as lysine or case in , seems to  
exaggerate the a lready  unbalanced d ie t and aggravates the i l ln e s s  in  
these mice# Substances other than stomach ex trac t found to be of value 
in  treatm ent are  methionine (Channon e t  a l# ,  1940; Gillman & Gillman, 
1945c) and various p ro te in  hydrolysate p reparations (Daft e t  a l# ,  1938; 
Madden e t  a l# ,  1945> Gillman & Gillman, 1946; Cartwright e t  a l# ,  1945)* 
Although i t  may no t reduce minor abnorm alities in  es tab lish ed  l iv e r  
function  t e s t s ,  methionine re s to re s  the abnormal amino-acid p a tte rn  of 
the plasma in  kwashiorkor and improves the u t i l iz a t io n  o f ethanolamine fo r  
choline syn th esis  (Edozien e t a l . ,  1960)# Water low and W ills ( i 960) 
describe the s tr ik in g  uptake of S ^ - l a b e l l e d  methionine by the tis su e s  in  
a s in g le  case of the disease#
Treatment of kwashiorkor has been s im plified  recen tly  by the 
discovery of Hansen e t a l # (1956) th a t  the condition can be cured complete­
ly  by a d ie t  containing eleven e s se n tia l amino—acids irre sp e c tiv e  of the 
presence o f any vitam ins or other supplements# Kwashiorkor would appear 
to  be the r e s u l t  of a  m ultip le amino-acid deficiency provided there  i s  no 
se rio u s  secondary in fe c tio n  to  impair recovery (Trowell & Muwazi, 1945)* 
Higginscn e t  al#  (1957) found th a t  Bantu b reast milk i s  adequate in  
p ro te in  but th a t the weaning d ie t is  grossly  d e fic ie n t in  am ino-acids,
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excep t, cu rio u sly  enough, methionine.
I t  i s  concluded th a t  m ultiple amino-acid deficiency  is  a  possib le 
cause of f a t ty  liv e r  in  ch ildren  although in  kwashiorkor oo—e x is te n t 
in fe c tio n  and anaemia probably play a p art in  i t s  development. However, 
th e re  is  no good reason fo r  the assumption th a t f a t ty  l iv e r  by i t s e l f
in fluences c l in ic a l  s e v e r i ty , prognosis or response to treatm ent j
I
(Waterlow & Weisz, 1956)# Kinnear and Pretorius (1956) found l i t t l e  
evidence of l iv e r  dysfunction by ro u tin e  liv e r  function  t e s t s  ap art from 
some impairment of bromsulphthalein excretion . Plasma p ro te in  lev e ls  
were very low (average 3«74 g*i° in  107 c a ses) , but th is  could be due to  
causes o ther than impaired l iv e r  function* I t  is a fe a tu re  of any 
cond ition  in  which there i s  fa i lu re  to th riv e  (Coles, I960). In  
kwashiorkor th ere  is  no evidence th a t the liv e r  has lo s t  i t s  capacity  to  
produce albumen since the low blood lev e ls  of -this p ro te in  are quickly  
re s to re d  to  normal following e ffec tiv e  treatm ent (Edozien, I960). Baron
( i 960) found e lev a tio n  of plasma transaminase in  kwashiorkor but th is  
could be derived from sources other than a damaged l i v e r .  Waterlow and 
Weisz noted a marked depletion  of p ro te in  and ribonucle ic  acid and an 
excess of f a t ,  glycogen RTV^ water w ithin l iv e r  c e lls  in  kwashiorkor.
Thus, the  cytochem istry of the l iv e r  c e l l  in  th is  d isease may d i f f e r  
somewhat from th a t  in  in fa n ti le  g a s tro -e n te r i t is .  Some s im ila r i t ie s  are  
apparent however, v i z . ,  r e la t iv e ly  normal l iv e r  function ; lack of response 
to  many lip o tro p ic  fa c to rs ; no obvious tendency towards the development
of c i r rh o s is .
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P ancreatic  degeneration has been noted in  f a t a l  cases of kwashiorkor 
(Howard & M eriweather, 1952} Campbell, 1956), and i s  rem iniscent of a 
s im ila r  le s io n  associa ted  with chronic m alnu trition  in  adults*  Bras a t
(1957) found th is  lesion  in  every f a ta l  case which they examined in  
the West In d ie s , while Badr e l  Din and Aboul Wafa (1957) rep o rt c l in ic a l  
confirm ation of pancreatic  in su ffic iency  based on a study of the enzyme 
co n ten t of duodenal ju ic e .  I t  seems probable th a t  both hepatic  and 
p an crea tic  le s io n s  are the common re s u l t  of m alnu trition , and th a t  one i s  
not a  sequel of the other* In ra b b its  fed d ie ts  taken by ch ild re n  w ith 
kw ashiorkor, both f a t ly  l iv e r  and pancreatic  acinar atrophy develop 
concurrently  (Volk & Lazarus, I960)* Bras e t  a l .  describe the le s io n  as 
atrophy w ith  or without d i la ta t io n  o f a c in i ,  loss of zymogen granules and 
p ro lif e ra t io n  of small ducts; no such lesio n s  were seen in  any f a t a l  case 
o f g a s tr o - e n te r i t i s  in  the present in v estig a tio n , although h is to lo g ic a l 
examination o f the pancreas was always undertaken.
In fa n t N u tr itio n  in  General
A ll cases o f g a s tro -e n te r it is  in  th is  se rie s  were b o ttle -fe d  a t  the  
time of onset of the i n i t i a l  i l ln e s s .  This is  in  keeping with the 
gen era lly  accepted observation th a t the in fec tion  is  much commoner in  
b o tt le - fe d  compared with b reast-fed  bab ies, e .g . ,  McNeil (1940)* Doubt­
le ss  th is  is  due to  contamination of prepared feeds by pathogenic micro­
organisms. The low standard of hygiene among the poorer c lasses  of the 
community ra th e r  than th e ir  b reast-feeding  hab its  would explain  the high
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incidence of the d isease in  th is  so c ia l group (Deeny & Murdock, 1944) •
As h re a s t- fe d  in fa n ts  are not included in  th is  s e r ie s  of cases, i t  
cannot he s ta te d  whether they are  more or less  suscep tib le  to  f a t ty  liv e r*  
There i s  no reason to  suppose th a t cow*s milk would predispose to  the 
condition* According to  Lucas (1958)* 5*2 per cent of bovine la o t-  
albumen is  methionine* Lawrence e t al*  (1945) have stud ied  the vitam in 
B content o f both human and bovine m ilk . The la t te r  contains an average 
of 14*7 Mg* choline in  each 100 m l,, which is  unaffected by dry ing , but 
no f ig u re s  a re  av a ilab le  fo r choline in  human milk* Human milk i s  
r e la t iv e ly  r ic h  in  in o s i to l ,  and poor in  pyridoxine, pantothenic ac id  and 
r ib o f la v in e . P asteu riza tio n  and drying do not a ffe c t these substances 
in  cowfs milk* Storage of dried milk re su lts  in  loss of pyridoxine as 
th is  slowly combines with and is  inac tiva ted  by sulphur-containing 
compounds (Bernhart e t a l* , i 960) ,  Coursin (19545 1955) has found a 
wide v a r ia tio n  in  the pyridoxine content of d iffe re n t samples of milk and 
mlllc p rep a ra tio n s , and a ttr ib u te s  a syndrome of g a s tro - in te s tin a l  
d is tu rb an ce , i r r i t a b i l i t y  and convulsions to  deficiency of th is  v itam in ,
A s im ila r  re p o rt is  published by Babe and Plonko (1958) • There i s  no 
mention of f a t ty  l iv e r  in  e ith e r of these communications, although th is  
can be a  r e s u l t  of experimental pyridoxine deficiency and has been 
discussed above.
A part from the r is k  of en te ra l in fe c tio n , there is  no evidence th a t  
ch ild ren  fed  cow*s m ilk are a t  a disadvantage compared w ith b reas t-fed  
ch ild ren  or th a t  they su ffe r  from under-nu trition  to such an extent th a t
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f a t ty  l iv e r  might he expected to  develop. In  a study of 98 per cent of 
a l l  in fa n ts  horn in  Rochester* Minnesota* during a year period* H arris 
( 1951) found a s lig h tly  g re a te r  gain in  weight with b o ttle -fe e d in g  com­
pared w ith hr east-feeding* and th a t th is  occurred ir re sp e c tiv e  of the 
a d d itio n  of sugar to the prepared feed s. Vignec e t  a l .  ( 1948)* from a 
study of height* weight* head and chest circumference* haemoglobin* hlood 
c e l l  counts and plasma p ro te in  levels* concluded th a t  cow's m ilk was 
adequate fo r in fa n t n u tr i t io n  without the necessity  fo r any supplement.
I t  is  assumed th a t m alnu trition  in  young h o ttle -fe d  in fa n ts  i s  due* 
no t to  the q u a lity  of milk* hut to  i t s  adm in istra tion  in  wrong amounts* or 
to  d isease  which in te rfe re s  with n u tr i t io n .  A few examples of wrong 
feed ing  a re  included in  th is  se rie s  and some had minor degrees of hepatic  
s te a to s is .  Prolonged m alnu trition  leading to  marasmus (a th rep s ia )  has 
heen described frequently* e*g ., by M arrio tt (1920) and apparently  may 
occur in  the absence of infection* The present s e r ie s  of cases included 
many examples of marasmus* hut always in  asso c ia tio n  with severe g astro ­
e n t e r i t i s .
Not in freq u en tly  the symptoms of g a s tro -e n te r i t is  p e r s is t  fo r 
sev era l weeks* sometimes with one or more acute re la p se s . The re su lt in g  
reduction  in  food intake i s  obviously a serious m atter to  a  young in fan t 
q u ite  ap a rt from any possib le d e le terious e ffec t on the l iv e r .  Even in  
the absence of p e rs is te n t infection* prolonged p ro te in  deficiency s e ts  up 
a v ic io u s  c i r c le  by reducing appetite  (Clements* 194^)> s ° recovery 
is  delayed. In  ad d itio n , there  w ill be an increasing  tendency to  oedema,
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lowered re s is ta n c e  to  concurrent or new in fe c tio n s , a  reduced oapaoity 
of the plasma to  bind iro n , copper and calcium , and a  lowering of the 
m etabolic r a te  which becomes so marked in  marasmus and which i s  so 
re fra c to ry  to  treatm ent* The very low levels  of plasma p ro te in  found in  
many cases of severe g a s tro -e n te r i t is  are evidence of p ro te in  d ep le tio n ; 
these were freq u en tly  much less  than the ra th e r  low fig u res  (5*8 g*% or 
le s s )  given fo r  normal in fan ts  under one year of age (Poyner-Wall &
Finch, 1950)*
I t  i s  obviously desirab le  in  these ciroumstances to  supply as muoh 
p ro te in  as can be u t i l iz e d  by the patient* Plasma p ro te in  adm inistered 
in travenously  would be b en e fic ia l (Daft e t a l* , 1938), although i t s  ac tio n  
is  sa id  to  be slow in  comparison w ith  hydrolysates of p ro te in  (Eckhardt 
e t  a l* * 1948)* At the time of th is  in v es tig a tio n  the r is k  o f v iru s  B 
h e p a ti t is  asso c ia ted  w ith  plasma infusions was no t fu lly  appreciated*
Shohl e t  a l*  (1939) and Mueller a t al*  (1940) reported  th a t  in fa n ts  
can be nourished successfu lly  w ith  hydrolysed casein as the only souroe 
of p ro te in  in  the d iet*  The same given intravenously w ill  reverse a 
negative n itrogen  balance in  dogs provided the amino-acids present include 
tryptophane and methionine (Elman, 1939)* Nitrogen re te n tio n  is  accom­
p lished  more re a d ily  i f  glucose i s  included in  the Infusion f lu id  (McNair, 
I960)* This n itro g en  sparing e f fe c t  of glucose had been noted prev iously  
by Cuthbertson and Munro (1937)* Intravenous adm in istra tion  o f casein  
hydrolysate to  in fan ts  was described by Shohl and Blackfan (1940) and by 
Gluck and Wilson (1946)* According to  these authors the in fusions a re
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w ell to le ra te d ,  bu t a  fe b r ile  reac tio n  may occur i f  the dose exceeds a 
c e r ta in  level*  This reac tio n  does not appear to  be due to  any im purity  
since i t  may follow adm in istra tion  of a pure amino-acid mixture*
P o ss ib ly , the fever may be p a rt of a general r is e  in  metabolic r a te  which 
is  s tim u la ted  by th is  form of therapy* In  theory i t  should not be an 
a l le rg io  response since hydrolysis of p ro te in  w ill  destroy  antigens 
(Hopps & Campbell, 1953)# These authors suggest th a t  undesirab le  side- 
e f fe c ts  are  due to  a h istam ine-like  substanoe in the d ig e s t ,  the ac tio n  of 
which can be demonstrated experim entally by i t s  e f fe c t  on guinea-pig 
u terus*  Another undesirable s id e -e ffe c t from oasein hydrolysate admini­
s t r a t io n  i s  a  tendency to  ac id o sis  due to  excess ch loride in  the  d ig e s t ,  
calcium ch loride being used to  p re c ip ita te  casein (Hoffman e t al** 1948)* 
Albanese e t  a l*  (1948) found no d ifference in  n itrogen  re te n tio n  
between two groups of in fan ts  fed dried  milk and casein  hydrolysate 
re sp e c tiv e ly , but these were normal sub jec ts  and probably had no need of 
a  high p ro te in  intake* Shohl (1943) had considerable success w ith 
casein  hydrolysate in  the treatm ent of in fa n ti le  g a s tr o - e n te r i t i s ;  he 
used the p rep ara tio n  ’Ami gen” both o ra lly  (20 per cent o f d ie t)  and 
in travenously  (2*5 to  4 P®r  cent in  g lucose-saline)*  I t  is  possib le  th a t 
d if fe re n t  p repara tions vary in  th e ir  s id e—effects*  The only one av a ilab le
to  me, v i z . ,  "Casydrol", tended to  aggravate vomiting i f  given o ra lly  and 
always produced a fe b r i le  response, often  with severe toxaemia and 
vom iting i f  given intravenously* This was unfo rtunate , both w ith  regard 
to  i t s  th e o re t ic a l  advantages and i t s  apparent lip o tro p ic  e f fe c t in  same
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cases* I t  i s  of in te r e s t  th a t l iv e r  necrosis  developed in  one case 
during th is  farm of treatm ent* Qopps and Campbell (1953) rep o rt one 
example of hepatic  f a i lu re  in  a se r ie s  of 17 autopsies on p a tie n ts  who 
had to x ic  symptoms follow ing casein  d igest therapy*
The S ign ificance of the Liver Lesions in  G astro -E n te ritis
Attempts to  a ssess  the importance of hepatic  s te a to s is  in  in fan ts  
have been made by c e r ta in  French p aed ia tric ian s*  Levesque e t  al*  (1947) 
noted a  c le a r  a sso c ia tio n  between sev erity  of toxaemia and se v e rity  of 
f a t ty  change in  a cho lera-like  i l ln e s s  of in fan ts  which they regarded as 
a sp ec ia l type of g a s tr o - e n te r i t i s , due to  a virus* Those authors found 
no u ro b ilin  in  the urine but performed no other te s ts  of l iv e r  fu n c tio n ; 
n ev e rth e le ss , they a t tr ib u te d  death to  liv e r  fa ilu re*  Parenchymatous 
h e p a t i t is  and tydropic fa t- la d e n  c e l l s ,  rem iniscent of phosphorus poison­
ing  were described but not i l lu s tra te d *  Marie a t  al* (1947) a lso  found 
a  c o rre la tio n  between c l in ic a l  severily  and hepatic  s te a to s is  in  29 cases* 
In  th ese , increase  in  prothrombin time and dim inution in  blood cholin- 
e s te ra se  were suggestive of l iv e r  dysfunction* These authors put forward 
the curious id ea , not convincingly es tab lish ed , th a t f a t ty  l iv e r  is  the 
r e s u l t  of damage to  a -c e lls  of the pancreatic  i s l e t s  and dim inution in  
output of lipocaic*  re s u l ts  are  confirmed to  some ex ten t by the work
of Chaptal e t  a l*  (1955) based on l iv e r  biopsy s tu d ie s . These authors 
note th a t th e  f a t ty  change can develop quickly but recedes slow ly, th a t 
i t  is  a sso c ia ted  with lo ss  of l iv e r  glycogen and aggravation of k e to s is ,
th a t  there  i s  no other l iv e r  parenchymal damage and th a t l iv e r  function  
t e s t s  a re  not abnormal (but only the re s u l ts  of galactose to leranoe te s t s  
a re  d e ta ile d )*  Contrary to  my f in d in g s , they believe th a t  choline i s  of 
value th e ra p e u tic a lly  and that the condition may progress occasionally  to  
c irrh o s is*  In  support of the hypothesis th a t the f a t ty  l iv e r  of g a s tro ­
e n te r i t i s  may be physio log ical in  type , Chaptal e t  a l .  found, in  ad d itio n  
to  evidence of impaired carbohydrate u t i l iz a t io n ,  an increase in  blood 
l ip id  and in  a2- and {3-lipoprotein* They b e lie v e , however, th a t there  
is  a lso  an upset in  the metabolism of l iv e r  c e l ls  leading to  fa i lu re  in  
the u t i l i z a t io n  of fa t*  Increase in  l iv e r  c e l l  phosphatases is  d escrib ­
ed but is  obviously a r te fa c t  over c e l l  nuclei* Results very s im ila r to  
those of Chaptal e t a l*  are  described by Sarrouy and Clausse (1956) from 
a study of 55 cases which included repeated l iv e r  biopsy* In  th is  group 
of in fa n ts ,  blood l ip id  lev e ls  were low, but i t  is  possible th a t some may 
have been examples of kwashiorkor, since the rep o rt comes from A lgeria 
and includes children older than one year*
I t  is  not possible from the re s u l ts  of the present work to  reach 
d e f in ite  conclusions on a l l  aspects of fa t ty  l iv e r  in  in f a n t i le  diarrhoea 
and vomiting* From a consideration of these r e s u l t s ,  however, together 
w ith  a  considera tion  of the infrequent repo rts  of others on the same 
su b jec t and of the pathogenesis of f a t ty  l iv e r  in  general, some hypotheses 
can be suggested. Thus, the condition may w ell be "physio log ical” in  
type , the e f fe c t  of excessive f a t  m obilization induced by severe 
n u tr i t io n a l  impairment* I t  i s  probably co—ex isten t w ith and not
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co n trib u to ry  to  the sev erity  of the i l ln e s s ,  and there  i s  no evidence 
th a t  any serious l iv e r  dysfunction ex is ts*  ftrobably i t s  main importance 
i s  an undue s u sc e p tib il i ty  to  noxious influences such as b a c te r ia l  
toxaemia and gross abnorm alities in p ro te in  intake when hepatic necrosis  
and f ib ro s is  may supervene. Liver dysfunction is  then evident o l in ic a l ly  
and, in  co n tra s t to  uncomplicated s te a to s is ,  the oondition becomes a 
se rio u s  com plication to  the primary d isea se . F o rtu n ate ly , th is  is  r a r e .  
There i s  no evidence th a t sp ec ia l lip o tro p ic  fac to rs  have any value in  
trea tm en t, which should be d irec ted  to  the re-estab lishm ent of a  normal 
food, in tak e  by th e  elim ination of the alim entary in fe c tio n .
F urther in v estig a tio n s , such as blood l ip id  es tim atio n , the degree of 
ketonaemia and o ther aspects of lip id  metabolism, would c e r ta in ly  be of 
v a lu e , while an estim ation  o f adrenal c o r tic a l  function would a lso  be of 
in te r e s t  in  view of i t s  ro le  in  f a t  metabolism. With the recen t f a l l  in  
s e v e r ity  and importance of the d isease , however, i t  may be argued th a t  
th e re  i s  no longer s u ff ic ie n t ju s t i f ic a t io n  fo r a p ro je c t which req u ires  
l iv e r  biopsy as p a rt of i t s  in v estig a tio n a l procedure. Consequently, no 
attem pt hafl been made to  pursue th is  m atter fu rth e r in  recen t y ears .
In  a d u lts  w ith m aln u tritio n , examination o f the l iv e r  freq u en tly  
rev ea ls  fo c i of n ec ro s is , in f i l t r a t io n  with inflammatory c e l ls  and a 
tendency to  f ib r o s is ,  in  add ition  to  f a t ty  change. Another common 
fea tu re  i s  the presence of sta inab le  iron-contain ing  pigment $ th is  may be 
q u ite  prominent although not usually  comparable in  sev erity  to  e s ta b lish ­
ed id io p a th ic  haemochromatosis or transfusion  s id e ro s is  (Lubin, 1955$
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Finch & F inch , 1955)* G illman and Gillman (1944) describe h epatic  
s id e ro s is  in  ch ild ren  aged nine years or older su ffe rin g  from m aln u tritio n , 
b u t no t in  younger p a tien ts  with kwashiorkor* The haemosiderosis in  my 
m a te r ia l was regarded as normal when re la te d  to  the p a t ie n ts ' age . This 
corresponds w ith  the findings of Langley (1951) who in v estig a ted  the 
m atter in  d e ta i l  in  normal and premature in fan ts  from b ir th  u n t i l  the 
seventh month o f l i f e .  This author regards s ta in ab le  iron  in  the l iv e r  
as the m an ifesta tion  of a d isproportion  between supply and u t i l i z a t io n ,  
r a th e r  than an in d ica tio n  of excessive haemolysis. McCance and Widdowson
(1951) found th a t ,  in  mammals including man, there i s  an unusually  high 
le v e l of body iro n  during suckling , th is  iron  being derived from m ilk.
The decrease in  liv e r  during infancy may only be apparent but not r e a l  
because of the rap id  growth of the organ during th is  period .
In  s p ite  of what is  h e ld  regarding the s u sc e p tib ili ty  of f a t ty  
l iv e r  to  to x ic  damage, l iv e r  necrosis was uncommon in  th is  s e r ie s  of 
o ases. At the time of the in v estig a tio n  i t  was recognized in  other 
g a s tro - e n te r i t is  u n its  and was the sub ject of two communications from 
th is  country . The f i r s t  o f these , by Schlesinger e t a l .  (1949)# 
described  s ix  cases, a l l  of whom had rap id ly  developing jaund ice , oedema, 
or a haemorrhagic tendency associated w ith increased prothrombin time and 
potassium d e fic ien c y . Plasma p ro te in  lev e ls  were very low, reaching 
3 .2  g .$  in  one in stance , but thymol tu rb id ity  (not estim ated in  every 
case) was normal* Since one only of these p a tie n ts  died and came to  
autopsy, and since no l iv e r  biopsy stud ies were ca rried  out, th is  paper
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gives lim ited information regarding the pathology of the d isease. The 
l iv e r  in  the sin g le  fa ta l case showed severe fa tty  change, d ila ta tio n  of 
sin u so id s, ^pin-point1* focal necrosis, round-cell in filtr a tio n  and a 
suggestion of early f ib r o s is . Casein hydrolysate, both oral and intra­
venous, vitam in B complex and choline chloride were used in the treatment 
of a l l  cases* Wainwright (1950) gave a fu ller  account of the pathology 
based on six teen  fa ta l cases with jaundice. In some of these the liver  
was enlarged and congested, fatty  or b ile -sta in ed . Necrosis was zonal 
in  type and often had a periportal d istribution . Inflammatory c e l l  
in f i l t r a t io n , b ile  duct proliferation and early fib ro s is  were additional 
fea tu res, but there was no cholangio-hepatitis. This author noted a lso  
that fa tty  liv e r  alone was not associated with any tendency to f ib r o s is , 
and that jaundice could occur with no demonstrable liv er  n ecrosis.
I t  w il l  be evident that my fatal case of liver  necrosis had features 
sim ilar to  many of Wainwright’s cases. Frank necrosis was seen only in  
the autopsy m aterial, but in  the biopsies there was some indication of 
l iv e r  c e l l  damage adjacent to inflamed portal canals.
In  experim ental p e r ip o rta l zonal necrosis i t  has been postu la ted  
th a t  the g re a te s t  damage is  suffered by those l iv e r  c e lls  f i r s t  exposed 
to  the  c irc u la tin g  tox in  (Himsworth, 1947)• g a s tro -e n te r i t is  i t  may 
be th a t  a blood—borne b a c te r ia l toxin derived from the alim entary canal 
has a s im ila r  a c tio n . The h is to -patho log ical fea tu res  of to x ic  p e r i­
p o r ta l  n e c ro s is , e .g . ,  th a t induced by a l ly l  formate (v . P art I I I  of th is  
th e s i s ) ,  a re  q u ite  unlike those of the f a ta l  case under d iscu ss io n .
The biopsy findings o f th is case were more lik e  those found in  adults 
suffering from "oholangiolitic" hepatitis* frequently regarded as a form 
of v ir a l h ep a titis  but with c lin ic a l features of obstructive jaundice 
(Gall & Braunstein, 1955)• Bacterial in fection  of the upper b iliary  
tract ccxild explain the change noted in my case, but i t s  true patho­
genesis must remain uncertain#
I t  i s  well-known that liv er  necrosis as d istin ct from fa tty  change 
can be produced experimentally by dietary means. Such d ie ts  are 
d efic ie n t in  sulph-hydryl containing amino-acids (Gyoirgy, 1944J Gyorgy & 
Goldblatt, 1949)# or lack vitamin E and a factor (''factor 5") in certain  
types o f  yeast used as a component of the d iets (Gyoirgy & Goldblatt,
195l)« Unlike the zonal necrosis of l iv e r  hepatotoocins, th is  d ie ta ry  
n ecro sis  i s  ir r e g u la r  and massive in  type and appears a f te r  a la te n t period 
of about s ix  weeks, although s tru c tu ra l change may be preceded by a 
fu n c tio n a l m etabolic d isorder (Cher nick e t a l# ,  1955)* I t  is  possib le  
a lso  to produce p e r ip o r ta l  zonal necrosis by d ie ta ry  means, i f  excess 
qystine i s  added to the d ie t  (C urtis & Newburgh, 1927)> and th is  le s io n  
can progress to  c ir rh o s is  (Earle & V icto r, 1941? 1942)# Cysteic acid 
has the  same e ffeo t (Earle e t a l . ,  1942). This cannot be the explana­
tio n  f a r  a  possib le  a sso c ia tio n  between liv e r  necrosis and the adm in istra­
tio n  o f case in  hydro lysate , since the a lk a li  used in  the preparation  of 
th is  m a te ria l tends to  destroy cystine (Jones « G ersdorff, 1954)* I t  
nay be , however, th a t any gross d isproportion of amino-acids is  necro- 
genic. McLean and Beveridge (1952) found th a t p ro te in -d e fic ien t y east
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d ie ts  a re  productive of l iv e r  necrosis only i f  the casein  content l i e s  
between 2 and 4 Per cent o f the d ie t ,  while no necrosis  occurs i f  th e  
y east con ten t is  le ss  than 5 per cent or g rea te r than 50 per c en t.
These r e s u l t s  are obtained irre sp ec tiv e  of the amount of vitam in E, 
carbohydrate or f a t  in  the d ie t .  I t  seems possible th a t  the adm inistra­
tio n  of case in  hydrolysate to  babies in  a s ta te  of acute s ta rv a tio n  may 
s e t  up an unnatu ra l d ie ta ry  s itu a tio n  conducive to  l iv e r  damage, 
e sp e c ia lly  i f  f a t ty  change is  already present*
The o ther cases w ith c l in ic a l  evidence of liv e r  c e l l  damage 
presented  d if fe re n t pathological fea tu res from the f a t a l  case. One had 
fo ca l n ec ro sis  in  a very fa t ly  l iv e r  which might have been expected more 
freq u en tly  in  p a tie n ts  su ffering  from severe toxaemia and s t r e s s .  The 
other had an i l ln e s s  not ty p ica l of in fa n tile  g a s tro -e n te r i t is ,  and was 
probably a  primary v i r a l  in fec tio n  involving l iv e r .
SUMMARY
(1) Three hundred and f if ty - fo u r  l iv e r  b iopsies were performed on 167 
b ab ies , the m ajo rity  of whom suffered from in fec tious diarrhoea and 
vomiting o f in fancy . These b io p sies , together with the re su lts  of 26 
au topsies from the 47 f a t a l i t i e s  in  the same se rie s  of p a tie n ts , form the 
b asis  of the in v e s tig a tio n .
(2) Gross f a t ty  l iv e r  is  found in  many but by no means a l l  cases of 
severe g a s t r o - e n te r i t i s ,  and esp ecia lly  in  those with frequent vom iting.
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M oderately severe f a t ty  l iv e r  may co -ex ist w ith in fec tio n s  o ther than 
g a s tr o - e n te r i t i s , but is  ra re  in  the absence of an in fe o tiv e  oondition*
(3) Very small in fa n ts ,  u sually  in  the f i r s t  month of l i f e ,  and w ith 
l i t t l e  subcutaneous f a t ,  ra re ly  have severe fa t ty  liv e r  in  sp ite  of 
severe illness®  There is  no co rre la tio n  between sev erity  of hepatio  
s te a to s is  and ac tu a l or expected body w eight.
(4 ) Severe f a t ty  l iv e r  can develop quickly but subsides slow ly, lagging 
behind c l in ic a l  improvement. There i s  no c o rre la tio n  between the 
s e v e r ity  of the  condition and the duration or re lapse  r a te  of g as tro ­
e n te r itis©
(5) There i s  an inverse re la tio n sh ip  between sev erity  of f a t ty  l iv e r  and 
c a lo r ie  in ta k e , ir re sp e c tiv e  of c l in ic a l d iagnosis.
(6) There is  a lso  a re la tio n sh ip  between f a t ty  l iv e r ,  e sp ec ia lly  i f  
sev ere , and dep le tion  of l iv e r  glycogen, ketonuria and hypoglycaemia*
From th is  i t  is  deduced tte it the hepatic condition may follow excessive 
m ob iliza tion  of f a t  from fa t  depots in  the body secondary to dep le tion  of 
carbohydrate©
(7) No notable e f fe c t  on f a t ty  liv e r  was obtained from the adm in istration  
of various lip o tro p ic  fac to rs  including methionine and choline©
(8) Severe f a t ty  l iv e r  is  compatible with normal l iv e r  function . By 
c o n tra s t, th ree  cases in  the se rie s  with ad d itio n a l l iv e r  c e l l  in ju ry  
presented p o s itiv e  re su lts  w ith the common liv e r  function  tests©
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( 9 ) These th re e  cases had d iffe r in g  l iv e r  pathology which i s  described 
and d iscu ssed .
(10) The d iffe ren ces  between the l iv e r  changes in  in fa n ti le  g as tro ­
e n te r i t i s  and those known to be associated with il ln e sse s  induced by 
p ro te in  d e fic ien cy , including kwashiorkor, are d iscussed . The exact
A
r o le  of p ro te in  deficiency  in  the pathogenesis of g a s tro -e n te r i t is - f a t ty  
l iv e r  could not be determined from the present in v es tig a tio n .
(11) The amount of iron-contain ing  pigment in  the liv e rs  of these babies 
was in v erse ly  p roportional to  th e ir  ages. This is  regarded as a  n a tu ra l v 
phenomenon and not as a m anifestation of m alnu trition .
(12) Minor s t r u c tu r a l  changes in  the liv e r  could not be co rre la ted  with 
c l in ic a l  fe a tu re s  of d isea se . These included changes in  mitochondria 
and cytoplasm ic basophilic  bodies, mesenchymal c e llu la r  in f i l t r a t io n  or 
p ro lif e ra t io n  and minor degrees of p o r ta l f ib ro s is .  There i s  no 
evidence th a t  the f a t ty  l iv e r  of in fa n ti le  g a s tro -e n te r it is  may be com­
p lic a te d  by c i r rh o s is .
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TOE NATURE OF THE FIBROUS CQNKBCTIVE TISSUE 
OF HEPATIC FIBROSIS Aim CIBBHQSIS
The origin  of collagen fibres which develop within the liv e r  in  a 
variety  o f  circumstances, sometimes culminating in  hepatic c irrh o s is , i s  
s t i l l  a matter of doubt* In certain instances, fibrogenesis would 
appear to  be id en tica l with that described in wound healing and in  
chronic inflammation* In suppurative cholango-hepatitis, for instance, 
fib rob lasts  are prominent in the v ic in ity  of inflamed b ile  ducts, and the 
portal f ib ro s is  which resu lts  is  due, no doubt, to the a c t iv ity  of these 
c e lls*
By contrast, a number of hepatic diseases are known which may termin­
ate in  c irrh o sis , but in which fibroblastic  a ctiv ity  is  not a conspicuous 
feature* This i s  so in  human vira l h ep atitis , although c e lls  of mesen­
chymal orig in  other than typical fibroblasts may be numerous within the 
affected  l iv e r .  The same has been noted frequently in experimental 
animals during the development of carbon tetrachloride-induced cirrhosis*  
Moreover, collagen fibres may appear along lines of stress  in the hyper­
p la st ic  nodules of a cirrhotic liver  with l i t t l e  or no apparent a c t iv ity  
of connective tissu e  c e lls*  I t  has been suggested that, in  such examples 
of chronic liv e r  d isease, fib rosis  i s  the resu lt of passive condensation 
of the r e t ic u lin  framework of the liver following destruction of the
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parenchymal ce lls*  I t  i s  claimed th a t the basement membranes of 
g landu lar organs are  not precursors of collagen (fiobb-Smith, 1957); 
consequently , proof of the 11 condensation” hypothesis would imply th a t  
h ep a tic  r e t ic u l in  i s  d iffe re n t from these basement membranes, and recen t 
work w ith  the e lec tro n  microscope suggests th a t th is  is  so (Popper e t  a l* ,  
I960).
C erta in  a sp ec ts  of the problem have been in v estig a ted  in  the follow ­
ing experim ents, in  a l l  of which two d is t in c t  types of l iv e r  f ib ro s is  
were induced fo r  comparison, v i z . ,
( i )  d iffu se  hepatic  f ib ro s is  progressing to  c i r rh o s is ,  the 
r e s u l t  of repeated adm in istration  o f carbon te tra c h lo r id e ;
( i i )  a  fo ca l zone of f ib ro s is  induced by the im plantation of 
catgut in to  the liv e r*
In  the f i r s t  group of experiments, the e ffe c ts  of co rtisone and ACTH 
were s tud ied  on the development of these two lesions* I t  i s ,  of course, 
well-known tha t these hormones have an in h ib ito ry  influence on the re p a ir  
of wounds*
Secondly, the  uptake of rad io -ac tive  sulphur, adm inistered as 
sodium su lphate , was studied  in  the lesio n s  by autoradiography. Again, 
p o s itiv e  r e s u l ts  using th is  technique have been obtained in  healing  
wounds, because of incorporation o f  sulphur in to  acid  mucopolysaccharides 
of in te r —c e llu la r  ground substance and in to  the cytoplasm of f ib ro b la s ts*  
T h ird ly , the an tigen ic  nature of the two types of connective tissu e  
was s tu d ied  by the Coons fluorescen t antibody technique, using an tibod ies
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to  glomerular basement membrane and to reticu lar fibres from granulation  
t is s u e . In previous reports of sim ilar in vestigation s, l i t t l e  a tten tion  
has been given to hepatic r e t ic u lin , possibly on account of i t s  compara­
tiv e  thinness in  the normal liv e r  so that i t  remains inconspicuous by 
th is  technique*
A. THE INFLUENCE CF CORTISONE AND ACTH ON EXPMIMBNTALLY-  
INDUCED HEPATIC FIBROSIS AMP CIRRHOSIS
The methods and resu lts  of four experiments are described, followed 
by a general comment*
I* The Influence of the Hormones an the Development of Cirrhosis from 
previously Healthy Livers by Carbon Tetrachloride Induction
Methods * Young Swiss albino mice of both sexes, weighing 15 to  20 
g* a t the commencement of the experiment, received carbon tetrachloride  
twice weekly by oesophageal tube* Pour parts of carbon tetrachloride  
were d ilu ted  with s ix  parts of liquid  paraffin and each dose consisted of 
0*1 ml. of th is mixture. Two control groups were given sim ilar doses of 
pure liq u id  paraffin*
Certain mice received, in  addition, either cortisone or ACTQ, 
commencing two days before the f ir s t  dose of carbon tetrachloride and 
continuing on s ix  days of each week, u n til the animals d ied . Cortisone 
(Cortisone Acetate, Roussel Laboratories L td., Batch No. 883) was given
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as a  s in g le  d a ily  in tra -p e r ito n e a l in je c tio n , each dose being 0*25 mg,
For ease of measurement, th is  was d ilu ted  w ith four tim es i t s  volume of 
iso to n ic  s a lin e  ju s t  before u se , ACTH ( ’Aether^ G el, Armour L ab o ra to ries, 
Lot No, M,22007) was given by a s im ila r rou te  twice d a ily . Each dose was 
2 Armour u n its  and was un d ilu ted . Iso to n ic  sa line  was in jec ted  in  l ie u  
of hormone in  one contro l group.
The e ffec tiv en ess  of hormone therapy was evident from the profound 
eosinopenia and thymic atrophy induced in  these anim als. Adrenal atrophy 
in  the  c o rtiso n e -tre a te d  mice and hyperplasia in  those rece iv ing  ACTH were 
a ls o  evident w ithout exception. The same batches o f  hormones were used 
concurren tly  in  c e r ta in  experiments described in  P art I I I  of th is  th e s is ,  
in  which d e ta ils  regarding th e i r  e ffe c t on c irc u la tin g  eosinophils and 
thymus gland weights are tabu la ted  (Table XXX) ,
Animals surv iv ing  more than a few weeks were subjected to  l iv e r  
b iopsy and th is  was repeated a t  approximately monthly in te rv a ls .  The 
technique of biopsy was as follows! the mouse was anaesthetized  w ith  
e th e r ,  the abdominal w all d ep ila ted , and an in c is io n  made in  i t  j u s t  to  
the r ig h t  of the m id-line and extending p o s te rio rly  from the in fe r io r  
c o s ta l nargin fo r a  distance of 1,0 to  1«5 cm. The l iv e r  was exposed 
re a d ily  and i t s  gross morphology noted® A th in  wedge of tissu e  was 
snipped o ff w ith sc is so rs , in  the f i r s t  instance from the lower r ig h t  
p o rtio n  of the middle lobe, including a small p a rt of the in fe r io r  margin. 
In  cases of e s ta b lish ed  c ir rh o s is , the biopsy s i t e  was a lte re d  i f  
necessary  in  order to  obtain a rep resen ta tive  po rtion  away from large
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regenerating nodules. Since no hormone—treated animal lived  in to  such a 
la te  stage of the d isease , th is matter was not a problem in the comparison 
between the various experimental groups. S ites  of previous biopsies were 
a lso  avoided. Following removal of liv er  tissu e  the abdominal wall was 
closed in  two layers with interrupted catgut sutures and sealed with a 
c e llo id in  dressing. No attempt was made to control haemorrhage, since  
th is  was never troublesome. The over-a ll death rate was 8 per cent and 
became somewhat le ss  when, with practice, the procedure could be completed 
w ithin a few minutes. Carbon tetrachloride was discontinued temporarily 
far two or three days before and a fter  the operation.
Animals were k ille d  when moribund and their livers examined macro- 
scqpically  and m icroscopically. Gross evidence of cirrhosis was evident 
usually by the fourth month of treatment with carbon tetrachloride and 
w ell-estab lish ed  by the six th  (Figs, 91 to 93)* Animals dead for more 
than a few hours were discarded because of rapid autolysis and shrinkage 
of hepatic t issu e  rendering i t  useless far comparison with fresh t is su e .  
Laparotomy wounds were also  examined h isto lo g ica lly .
A ll biopsy specimens ( e ,g , ,  F ig , 94) and at le a st  three representa­
t iv e  portions o f the liv e r  after death were fixed in Rossman's p icric  
acid-alcohol-form alin mixture® 7 n sections from paraffin blocks were 
stained by haematoxylin and eosin , by van Gieson's method, by Gordon and 
Sweet *s method for r e tic u lin  and by the periodic acid-Schiff technique.
The degree of hepatic fib rosis  was assessed arb itrarily  from 
examination of these section s. Sections stained for re tic u lin  (without
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counter-stain) were obviously the most suitable for comparison with each 
other, as th is  shows most clearly both the normal thin re ticu la r  fibres  
and the th icker young collagenous fibres which a lso  a tain red by van 
Gieson's method (Figs* 94 & 95)* Good examples of the varying severity  
of the le sio n  were selected  following a preliminary survey, and photo­
graphed* Four of these are illu stra ted  in  Figures 97 to 100* Uniform 
sections of a l l  specimens were then stained with the same fresh ly  prepar­
ed ammoniacal s ilv er  solution* These sections were examined h isto ­
lo g ic a lly  in  a haphazard order, each assessment being made with reference 
to the photographs before the s lid e  number was noted* Examination of 
a l l  s lid e s  was repeated with resu lts  almost id en tica l to the f ir s t  a ssess­
ments*
Van Gieson sections corresponding to two of the f iv e  grades of 
f ib ro s is  are illu stra ted  (Figs* 101 & 102)* In livers with nodular 
hyperplasia (Figs* 103 & 104), assessment of fib ro s is  was made as far as 
possible from the hepatic tissue lying between nodules* This usually  
appeared to  be well-advanced although accurate assessment was often 
impossible because of compression* Fortunately, comparison between the 
various experimental groups at th is stage of the disease was rarely  
required (v . in fra ) o
The animals used in  these experiments were divided into f iv e  groups 
as followss
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Group 1 -  received cortisone and carbon tetrachloride 
Group 2 -  received ACTH and carbon te tra ch lo rid e
Group 3 -  received carbon te tra c h lo rid e  alon^c*
Group 4 -  received co rtisone alone
Group 5 -  received ACTH alone
Table XXIII gives the numbers o f  animals and numbers o f l iv e r  examinations 
in  each group#
R esu lts  # Hepatic f ib ro s is  induced in  the manner described develops 
very gradually  w ith the appearance of th in  fuchsinophil f ib re s  ra d ia tin g  
out from c e n tr ilo b u la r  zones, the s ite s  of maximal l iv e r  c e l l  damage# In  
animals dying a t  th is  stage soon a f te r  a dose of carbon te tra c h lo rid e  both 
n e c ro s is  and f ib ro s is  may be located together giving the appearance of 
"reversed  lob u la tio n " (Fig# 105)# F ibrob lasts  may be inconspicuous 
e sp e c ia lly  in  areas removed from the macrophage a c t iv i ty  around n ecro tic  
h ep a tic  c e l ls  (Fig# 106)# In  more advanced cases the th icker fib rous 
bands contain  mesenchymal c e l ls  which are lik e ly  to include some f ib ro ­
b la s ts  (Fig# 107), although i t  may be impossible to determine whether 
elongated c e l ls  adjacent to  collagen f ib re s  are of th is  nature or whether 
they may not be sinuso ida l c e lls  p e rs is tin g  a f te r  the collapse of l iv e r  
parenchyma (Fig# 108)# Rarely in  these mouse liv e rs  one finds small 
sphero idal or elongated fo c i of wbat appears to  be osteo id  tis su e  (Fig#
109) and which i s  presumably the product of recen t mesenchymal c e l lu la r  
a c tiv ity #  H etero tropic  o ss if ic a tio n  has been noted in  mouse liv e rs
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damaged by radio-active co llo id a l gold (Upton et a l* , 1956)*
Figure 110 shove sev e rity  of l iv e r  f ib ro s is  p lo tted  a g a in s t duration  
of carbon te tra c h lo rid e  poisoning* Animals from Groups 4 snd 5 are not 
rep resen ted , s in ce  these were, w ithout exception , free  from any trace  of 
hepatic  f ib ro s is*  Apart from a  l i t t l e  round c e l l  i n f i l t r a t i o n  of the 
p o r ta l t r a c ts  in  seven specimens from Group 4 and two from Group 5 there  
was no susp ic ion  of any l iv e r  damage* Fatty  and glycogenous i n f i l t r a ­
tio n  were common, sometimes very marked, and a t t r ib u ta b le ,  no doubt, to  
hormone therapy*
P erusal of Figure 110 reveals the following*
( i )  The duration  o f l i f e  of mice receiv ing  repeated doses of carbon 
te tra c h lo r id e  i s  shortened by cortisone and ACTH (animals in  Groups 4 and 
5 a lso  had sh o rte r  su rv iv a l periods than Group 3)* Further comparison 
between Groups 1 , 2 and 3 is  lim ited , th e re fo re , to those mice rece iv ing  
up to  f o r ty  doses of carbon te trach lo rid e*
( i i )  W ithin th is  lim ita tio n , there is  no notable d ifference in  
se v e rity  o f hepatic  f ib ro s is  between the three groups* I f  anything, 
hepatic  f ib ro s is  is  s l ig h tly  mere severe in  hormone-treated anima ls  
compared w ith  those of Group 3«
( i i i )  In  Group 3 , hepatic f ib ro s is  appears to  develop ra th e r  more 
rap id ly  in  male compared with female mice and the l a t t e r  tend to  survive 
longer* Sex d iffe rences cannot be studied in  Groups 1 and 2 because
th e i r  numbers are too small*
(iv )  There is  a f a i r ly  wide v a ria tio n  in  the response to  carbon
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te tra c h lo r id e  a t  a l l  stages of poisoning* Comparison is  possib le  only 
between groups of animals and not individuals*
(v ) No member of Group 1 and only one of Group 2 liv ed  long enough 
to  develop tru e  c ir rh o s is  w ith nodular hyperplasia* I t  is  not m islead­
in g , th e re fo re , to  show in  Figure 110 th is  fea tu re  as a fu rth e r  develop­
ment of the l iv e r  disease although i t  does not n ecessa rily  imply any 
fu r th e r  increase in  fibrous tissue*
Changes in  the sev erity  of hepatic f ib ro s is  in ind iv idual animals 
sub jected  to  m ultip le  l iv e r  examinations are summarized in  Table XXIV* 
While the numbers in  Groups 1 and 2 are not high, i t  i s  obvious th a t  
n e ith e r  co rtisone nor ACTH have any appreciable e ffe c t in  preventing the 
development of hepatic  f ib ro s is  in  the manner described*
By c o n tra s t,  examination of the laparotomy wounds of th ree Group 1 
mice dying w ith in  a week of biopsy showed notable in h ib itio n  of the 
re p a ra tiv e  response compared with comparable m ateria l from the con tro l 
group (Figs* 111 to  114)•
II*  The Influence of Cortisone on the Progress of Hepatic F ib ro sis  
a lready  Induced and Maintained by Carbon Tetrachloride
Methods* Young Swiss a lb ino  mice of both sexes were tre a te d  w ith 
d ilu te d  carbon te tra c h lo rid e  in  the manner described in  the previous 
experiment* About th ree months la te r  each animal was subjected to  wedge 
biopsy of liv e r*  On the follow ing day, cortisone therapy , a lso  id e n tic a l  
to  th a t  previously  described, was commenced (Group 6 ) , con tro l animals
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(Group 7) rece iv in g  iso to n ic  saline#  ACTH was not used in  th is  
experiment* Cortisone was continued u n t i l  the  animals d ied  or were 
k illed *
L iver b iopsies were repeated a t  approximately monthly in te rv a ls  as 
long as the mice survived# The preparation  and assessment of l iv e r  
sec tions were ca rrie d  out as in  the previous experiment#
Table XXV shows the numbers of animals and examinations of l iv e r  
t is s u e  in  th is  experiment#
R e su lts* The re la tio n sh ip  between se v e rity  of hepatic  f ib ro s is  and 
d u ra tion  o f carbon te tra ch lo rid e  adm in istration  is  shown in  Figure 115 
and summarized in  Table XXVI* From these i t  would appear th a t t
( i )  Cortisone tends to shorten duration of l i f e ,  even i f  hepatio  
damage i s  not w ell established# No animal of Group 6 survived fo r  
longer than 35 weeks, while several members o f Group 7 survived fo r 
periods of up to one year*
( i i )  Females appear somewhat more r e s is ta n t  than males to  carbon 
te tra c h lo r id e  and may survive for a year despite continued adm in istra tion  
of the l iv e r  tox in  and the presence of severe c irrhosis*
( i i i )  Cortisone appeared to  in h ib i t  tem porarily the development of 
f ib ro s is  e sp ec ia lly  during the few weeks between f i r s t  and second l iv e r  
examinations* Eleven of the 28 mice in  Group 6 a c tu a lly  showed a 
percep tib le  reduction  in  the severity  of f ib ro s is  and in  two of these the 
change was very noticeable*
( iv )  Evidence of ea rly  nodular hyperplasia was found in  only one
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c o rtiso n e - tre a te d  animal } consequently th is  fea tu re  is  included in  F igure 
115®
The l iv e r s  o f co rtisone  tre a te d  mice usually  showed le ss  mesenohynial 
re a c tio n  (Figs* 116 & 117) and th ick er fibrous bands, but th is  was by no 
means co n s ta n t, e sp ec ia lly  a f te r  several weeks' treatm ent when there  may 
have been an acquired re s is ta n ce  to  the hormone*
In  both  groups the hepatic fib rous tis su e  stained  f a in t ly  by the 
period ic  ac id -S ch iff technique, ra th e r  less  in ten se ly  than the scar 
t is s u e  developing in  the abdominal w all wounds* Impairment of ea rly  
healing  o f these laparotomy wounds was qu ite  evident in  animals of Group 6 
compared w ith Group 7> and was confirmed by microscopic examination of the 
wound edges* Completion of healing was often delayed in to  the second 
week a f t e r  operation in  many Group 6 mice*
IH «  The Influence of Cortisone on Hepatic Fibrosis Induced by Carbon 
Tetrachloride, which was Withdrawn before the Commencement of Hormone 
Therapy
Methods* S im ilar to  experiment A .II w ith the follow ing exceptions*
( i )  Carbon te tra ch lo rid e  was discontinued permanently a t  the time 
of f i r s t  biopsy when cortisone therapy commenced (Group 8)* (A co n tro l 
Group 9 received  no hormone)*
( i i )  There were no repeat b io p sies , the animals being k il le d  a t  
v a riab le  in te rv a ls  as shown in  Figure 118*
The p rep ara tio n  of sections and assessment of hepatic f ib ro s is  were
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id e n t ic a l  to  th a t  of the previous experiments* ACTH was not used*
R esu lts* These are shown in  Figure 118 and are summarized in  Table 
XXVTIo I t  would appear th a t  the d isease had not reached an ir re v e rs ib le  
s tage  since red u c tio n  in  fibrous tissu e  was noted in  many co n tro l animals* 
Cortisone f a i le d  to  acce le ra te  th is  p rocess \ indeed the opposite impression 
i s  gained from th is  small se r ie s  of animals*
No sex d iffe ren ces  were noted in  th is  experiment*
IV. The Influence of Cortisone and ACTH on In tra -h ep a tio  S carring  Induced 
by Catgut Im plantation
Methods* Young Swiss alb ino  mice of male sex only were used* I n i t i a l  
w eights were 20 to  25 g* Im plantation of catgut was ca rried  out as  follows* 
The animal was anaesthetized  with e ther and the abdominal w all depilatedo 
The abdominal w all was opened by a r ig h t paramedian in c is io n  extending f a r  
1*0 to  1*5 cm* p o s te r io r ly  from the in fra c o s ta l margin* The a n te r io r  
su rface  o f l iv e r  was depressed gently  w ith forceps and the end o f a small 
p iece  of dry 0000 non-chromisized ca tg u t, held v e r t ic a l ly  in  pressure 
fo rcep s , was pressed  through the middle lobe, about 5 mni* above the 
in fe r io r  m argin, from an te r io r  to p o s te rio r surface* A small piece of 
ca tg u t was l e f t  p ro jec tin g  from both surfaces to f a c i l i t a t e  i t s  lo c a liz a ­
tio n  a t  a  la te r  date* The abdominal w all was then closed in  two layers 
w ith in te rru p ted  catgu t su tu res and sealed  with cello id in*
The operation  be performed quickly and there  is  no troublesome 
haemorrhage* The death r a te  of 6 per cent was due apparently  to  excessive
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adm inistration of ether rather than surgical trauma*
Animals so treated were k illed  a t intervals of 1 ,2 , 3 ,  4 , 6 , 10, 14, 
21 or 28 days a fter the operation* Liver taken for h isto lo g ica l examina­
tio n  included the s it e  of implanted catgut • Fixation, paraffin  embedd­
ing and sta in ing were carried out as in  the previous experiments* The 
presence of catgut in  the tissue did not interfere to any extent with the 
cutting of sections* The abdominal wall laparotomy wounds were a lso  
examined h isto lo g ica lly *
Certain animals received in jections of cortisone or ACTH* The 
dosage and frequency of administration o f these hormones were id en tica l 
to  that o f the previous experiments* The treatment commenced two days 
before catgut implantation and continued u n til the animals were k illed *
The numbers of mice used were as follows*
Group 10 -  implantation o f catgut + cortisone
Group 11 -  implantation of catgut + ACTH
Group 12 -  implantation of catgut + sa line
in jection  (control)
Further d eta ils  are given in  Table XXVIII*
R esults* Animals of Group 12 showed a marked lo ca l reaction to the 
presence of catgut within the liver which varied with time*
1 day a fter  operation (Figs* 119 & 120) -  The lesion  consis ts  of -
(a) Catgut, surrounded by
(b) a thin zone of neutrophil polymorphs and P*A*S* positive  
granules, surrounded by
15 ani ma.1 a
4 animals 
25 ani mals
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(c ) a  zone of n ec ro tic  l iv e r  t is s u e , the thickness o f  which i s  
v a r ia b le  and may depend on the amount of trauma in f l ic te d  
during the operation* This is  surrounded by
(d) a  th in  zone of glycogen-depleted but v iab le  l iv e r  ce lls*
2nd day (Fig* 121) -  Scanty mesenchymal c e l l s ,  possibly o f s in u so id a l-
c e l l  o r ig in  are  seen w ithin layers (c) and (d)* There is  no increase in
r e t ic u l in ,  but possib ly  a l i t t l e  condensation due to  displacement by the 
catgut*
3rd day (Figs* 122 & 123) -  Early absorption of catgut is  now evident
through the ac tio n  o f acute inflammatory ce lls*  F ib rob lasts  and f in e
f a in t ly  P*A .S*-positive f ib r i l s  are now recognizable in  the outer zones* 
(The crushed appearance of oatgut in  Figure 122 is  a r te fa c t)*
4th day (Figs* 124 & 125) -  S im ilar to  the 3rd day, w ith the exception of 
a very th in  zone of fa in tly -s ta in in g  fuchsinophil f ib re s  a t  the margin of 
the lesion*
7 th  day (Figs* 126 & 127) -  A d is t in c t  zone of g ranulation  tis su e  is  now 
e v id en t, surrounding the p a r t ia l ly  absorbed catgut and zone of n ec ro tic  
l iv e r  tissu e*  Young collagen f ib re s ,  stained by van Gieson’s s ta in  are 
evident* The glycogen-free zone of l iv e r  ce lls  has disappeared and 
th ere  i s  P*A*S*-positive in te rc e l lu la r  ground substance*
10th day (Figs* 128 to  130) -  Absorption o f catgut i s  now almost complete 
and the surrounding young connective tissu e  has become th icker *
R eticu lin  and collagen fib res appear more condensed*
14th day (Fig* 131) -  Further condensation i s  apparent in  the developing
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sca r tissu e*
2181 day (Figs* 132 & 133) •• The le s io n  is  now represen ted  by a  sm all 
r e la t iv e ly  a c e l lu la r  sc a r, in  which small remnants of fo re ig n  m a te ria l 
may p e rs is t*
28th day -  The sca r has apparently  heen absorbed since no tra c e  of any 
le s io n  can be detected*
C erta in  m odifications are  evident in  the reac tio n  in  the l iv e r s  of 
the c o r tiso n e - tre a te d  animals (Group 10)*
1 s t day (Fig* 134) -  The polymorph in f i l t r a t io n  in  zone (b) is  incon­
spicuous*
2nd day (Fig* 135) -  The mesenchymal c e l l  reac tio n  in  the outer zones i s
notably  le ss  than in  the contro l group*
3rd and 4 th  days (Figs* 136 to  139) -  A very th in  zone of g ranu la tion  
t is s u e  w ith ea rly  collagen formation is  seen surrounding a wide zone of 
n ec ro tic  l iv e r  t is s u e  and unabsorbed catgut*
7th day (Fig* 140) -  There is  no evidence of catgut absorp tion  and some 
n ec ro tic  l iv e r  t is s u e  may p e rs is t*  Although the mesenchymal response is  
s t i l l  in h ib ite d , a th in  zone of collagen has formed surrounding the catgu t 
and n e c ro tic  liv e r*
14th and 21st days (F igs. 141 to  145) -  Much of the catgut is  s t i l l  
unabsorbed and is  surrounded by a th in  re la tiv e ly  a c e llu la r  band of 
collagen*
28th day (F ig . 144) -  The catgut appears to  l i e  w ithin a columnar space
having a very th in  lin in g  of mature collagen*
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In h ib itio n  of ca tgu t absorption  was evident a lso  in  the two mioe 
tre a te d  w ith  ACTH fa r  two weeks, but the findings a t  the 21st and 28th 
days were s im ila r  to  those of the con tro l group a t  these periods*
The in fluence of these hormones in  delaying the absorp tion  of the 
ca tg u t was q u ite  notable as  was the reduction  in  mesenchymal response* 
N everthe less , collagen formation was not in h ib ited  completely d esp ite  the 
continued adm in istra tion  of the hormones* The laparotomy wounds of 
these horm one-treated mice show in h ib itio n  of the c e l lu la r  re a c tio n  assoc­
ia te d  w ith  normal healing , as in  the previous experiments; nevertheless a 
th in  r e la t iv e ly  a c e llu la r  scar has farmed by the end o f the second week 
(Figs* 145 & 146)*
CCMMENT
The experim ental production of l iv e r  c irrh o s is  by agents which cause 
death w ith  a u to ly s is  of l iv e r  parenchymal c e lls  i s  w ell-estab lished*
Carbon te tra c h lo r id e  is  probably the hepatotoxin most commonly employed 
fo r t h i s  purpose, judging by the numerous repo rts  of i t s  use in  the 
medical l i te ra tu re *  Much h e lp fu l inform ation was obtained from the 
a r t i c le  by Cameron and Karunaratne (1936), although these authors used r a ts  
and not mice*
J u s t  as the degree o f su sc e p tib ili ty  to  a sing le  su b le th a l dose of 
carbon te tra c h lo r id e  varies s lig h tly  among mice, id e n tic a l  with regard  
to  s t r a in ,  age, weight and sex, so the r a te  of development of c ir rh o s is  
varies  between indiv iduals*  For th is  reason i t  is  desirab le  to  study
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the progress of the le s io n  in  ind iv idual animals by repeated  l iv e r  biopsy* 
The in flu en ce  of some fa c to r  such as cortisone can be judged only in  th is  
way or by the use of a  la rg e  con tro l group* N evertheless, in  "the work 
which has been described the various experimental groups were as s im ila r 
as possib le  w ith regard  to  the animals employed, as w ell as th e i r  environ­
ment and d ie t*  Body weights did no t vary by more than 5 g* a t  the 
commencement of each experiment* The sex v a rian t has been shown in  the 
r e s u l t s  since i t  is  known th a t male rodents are s lig h tly  more suscep tib le  
than females to  the acute lesion  of carbon te tra ch lo rid e  poisoning; i t  
would appear th a t  the same applies to the chronic lesion*
The in v es tig a tio n  by Daniel e t al*  (1952) on the p o rta l c irc u la tio n  
of the carbon te trach lo ride-induced  c ir rh o tic  l iv e r  in  the r a t  included 
repeated  l iv e r  biopsy* Considerable indiv idual v a ria tio n  in  the se v e rity  
of l iv e r  damage was noted among ind iv idual animals, p a r tic u la r ly  a f te r  
the second month of treatm ent* Steinberg and M artin (1946) ,  using a 
ra d io lo g ic a l technique follow ing adm in istra tion  of thorium dioxide to  
a ssess  s e v e r ity  of l iv e r  d isease , a lso  noted considerable v a r ia tio n  between 
r a t s  su ffe r in g  from pre-m alignant c irrh o s is  induced with butter-yellow * 
Morrione (1947) undertook a q u an tita tiv e  chemical study of collagen in  
the c ir rh o t ic  l iv e rs  of experimental animals and found a good c o rre la tio n  
between h i s  r e s u l ts  and the h is to lo g ica l appearance of the l iv e r ,  judged 
e sp ec ia lly  from sec tio n s stained  to show re tic u lin *  The same is  tru e  of 
human m a te r ia l, a t  le a s t  in  the ea rly  stages of c irrh o s is  (Warren & Wahi,
1947).
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Unger Feldman (1953) described the sequence of events w ithin  r a t  
l iv e r  fo llow ing im plantation of 000 su rg ica l catgut* Those are  s im ila r  
to  the r e s u l t s  recorded above, although the process was ra th e r  more pro­
tra c te d ;  absorp tion  o f the catgut in  the r a t  was incomplete a t  the th ird  
week a f t e r  im plan tation , while sca rrin g  p e rs is te d  fo r two months* The 
in f l ammato ry  response would appear to be a re a c tio n  to  fo re ign  m ateria l 
and no t to  fo c a l l iv e r  damage, since i t  is  much le ss  marked round 
implanted homologous tendon (Ungar & Neuman, 1953)®
The in h ib ito ry  influence of cortisone on wound healing  and on the 
c e l lu la r  response to  various forms of in jury  i s  well-known* Most 
au thors agree th a t  the ac tio n  of ACTH on wound healing is  mediated through 
the adrenal cortex  (Asboe-Hansen, 1954)® The sub ject has been reviewed 
re ce n tly  by P in ta r  (i960)* G lucocorticoids seem to  a o t ,  a t  le a s t  in  
p a r t ,  a t  the c e l lu la r  le v e l ,  and in  the case of healing wounds, in h ib it  
the a c t iv i ty  and p ro life ra tio n  of mesenchymal c e lls  and the production of 
both  connective tis su e  f ib r i l s  and in te rc e llu la r  ground substance (Baker 
& Abrams, 1955)® Thus, there is  in h ib itio n  of f ib ro b la s tic  and endothel­
i a l  c e l l  p ro life ra t io n  and a reduction in  metachromatic ground substance 
around tu rp en tin e  abscesses in  co rtiso n e-trea ted  r a ts  (Taubenhaus e t a l  * * 
1953)® Ground substance never disappears completely however, and i t s  
p o s itiv e  p e rio d ic  ac id -S ch iff s ta in in g  i s  retained* Scanty, but never­
th e le ss  m ature, collagen does appear a t  the margin of the lesion* These 
e f fe c ts  were noted in  the present work, both in  the reac tion  to  the 
implanted ca tg u t anl in  the laparotomy wounds* A variab le  response in
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some of the la tte r  may have been due to secondary in fection  which 
in h ib its  the an tip h log istic  e ffec t of cortisone (Lattes e t  a l* * 1954).
No in d ic a tio n  o f  b a c te r ia l in fec tio n  was evident w ith in  the l iv e r  or 
p e r ito n e a l cav ity  of any animal and, without exception, the in fluence of 
both  co rtiso n e  and ACTH on the in trah ep a tic  lesion  was s trik in g *
Ungar .et a l*  (1956) have studied the influence of cortisone on the 
re a c tio n  to  ca tg u t implanted in  r a t  liv e r*  They a lso  have observed a 
marked in h ib itio n  of granulation  tissu e  production, provided the hormone 
i s  given p r io r  to im plantation* Unlike i t s  e ffe c t on mice in  the p resen t 
work, co rtisone  did not in h ib it  the i n i t i a l  polymorphonuclear leucocyte 
response, bu t seemed to s tim u la te , in  s p ite  of mesenchymal o e ll  in h ib it io n , 
r a th e r  abundant r e t ic u l in  f ib re s  and markedly hyaline scar tissu e*
L a tte s  e t  a l  • (1955) noted impaired g ia n t-c e ll  formation and impaired 
absorp tion  of fo re ign  m ateria l during adm in istra tion  of co rtico stero id s*
The fa ilu re  of the hormones to influence the development of carbon 
tetrachloride-induced cirrhosis is  in marked contrast to  the e ffe c t  
obtained in  the catgut-implantation experiment* The progressive nature 
of the early le sio n  appears to be quite unimpeded by the administration 
of cortisone or ACTH; in fa c t , in some cases i t  may have been s lig h tly  
aggravated by them*
D iengott and Ungar (1954) g3Ve cortisone to r a ts  a f te r  th e i r  ten th  
dose o f carbon te tra c h lo rid e  (adm inistered three times weekly) and k il le d  
the animals e ig h t days l a t e r  following continuation of both treatm ents* 
Compared w ith th e i r  contro l group, the hormone-treated animals had more
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numerous and broader fibrous septa as w ell as prominent b ile  ducts and 
f ib r o b la s ts .  L iver parenchymal c e l ls  a lso  were a ffe c te d , numerous 
pleomorphic and g ia n t c e l l  forms being noted. Many of these fea tu re s  
were not apparent in  my m ateria l in  which the dosage of cortisone was 
much sm a lle r .
Regniers e t  a l .  (1955) undertook a s im ilar experiment in  ra b b its  and 
noted an acc e le ra tio n  in  the development of c ir rh o s is ,  provided the 
co rtiso n e  is  given in  large amounts and commences one week before the 
f i r s t  dose of carbon te tra c h lo r id e . An opposite b e n e f ic ia l e f fe c t  was 
obtained w ith sm all doses of cortisone administered to  estab lished  oases 
of c i r rh o s is .  This tends to  confirm my findings in  ce rta in  animals of 
the  second experim ent. Many of these re su lts  in  ra b b its  appear to  be 
u n re lia b le , however, being based on the comparison of small groups of 
anim als with no attem pt to  assess progress in  in d iv id u a ls . Rabbits are  
u n su itab le  animals for th is  type of experimental work because of the 
high incidence of na tu ra lly -o ccu rrin g  liv e r  in fec tio n  among them.
Wahi e t  a l .  (1956a, b) studied the influence of cortisone on 
experim ental c ir rh o s is  in  r a t s ,  using re tic u lin -s ta in e d  sec tions to  assess  
se v e rity  of the hepatic  le s io n . In  ra ts  compared with mice, c irrh o s is  
seems to  develop more ra p id ly , being w ell-estab lished  a f te r  treatm ent w ith 
carbon te tra c h lo r id e  fo r  e igh t weeks. These authors then gave large 
doses o f c o rtiso n e , but th is  had no e ffe c t on the ra te  of reg ressio n  on 
the  le s io n  follow ing withdrawal of the hepatotaxin , apart from some th inn ­
ing  of mature fib rous bands o Eger and S tra tak is  (195®) stud ied  the
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in fluence  of prednisone on c irrh o s is  produced in  r a t s  by a l l y l  a lco h o l. 
The development of the le s io n  was unaffected and parenchymal c e l l  
reg en era tio n  was impaired*
In  human c ir rh o s is ,  these hormones may have some value in  cases 
com plicating v i r a l  h e p a ti t is  (Havens e t  a l . ,  1952; Winkler & Tygstrup, 
1957)* C lin ic a l improvement may be due to  diminution in  jaundice follow ­
ing  re v e rs a l  of b ile  s t a s i s ,  and not to  any b e n e fic ia l e ffe c t on the basic  
p a th o lo g ica l co n d itio n . This is  discussed more fu lly  in  P a rt I I I .
Animals re ce iv in g  repeated  doses of hormones fo r periods exceeding a 
few weeks may become re fra c to ry  to  th e ir  e f fe c ts . Antibodies to  ACTH 
have been demonstrated in  mice a f te r  treatment fo r 25 days (Chase, 1949), 
and the same is  tru e  of the r a t  (Gordon, 1949), even when the adrenals 
remain en larged . P ersistence  of adrenal enlargement could be due, of 
co u rse , to  contam inating growth hormone in  the ACTH prepara tion . 
R efrac to rin ess  of r a ts  to cortisone is  a lso  known (Winter e t a i l . ,  1950)* 
The ad m in istra tio n  o f carbon te tra ch lo rid e  would be expected to  
produce a  no n -sp ec ific  s tr e s s  e ffec t on the adrenals and th is  would appear 
to  be the in te rp re ta tio n  of the findings of Wahi e t a l . (1956a)* Such an 
e f fe c t  is  probably much le ss  pronounced a f te r  the repeated adminis t r a t io n  
of sm all doses. I t  had been hoped to  repeat the experiment in  adrenal- 
ectomized anim als, but no means were found to overcome the rap id ly  f a ta l  
e f fe c ts  of s in g le  sn a il doses of the toxin  in  both r a t s  and mice tre a ted  
in  th is  way*
C irrhosis  a lso  may in te rfe re  with the physiological e ffe c ts  of the
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hormones, because the diseased l iv e r  causes incomplete or abnormal s te ro id  
metabolism (M iller & Axelrod, 1954)#
While the normal influence of cortisone and ACTH may have been 
in h ib ite d  or modified in  the experiments described , eithBr by a  re fra c to ry  
s ta te  or by c ir rh o s is ,  i t  is  un like ly  th a t th is  would be so during the 
ea rly  development of d iffu se  hepatic  f ib ro s is  when no e f fe c t  could be 
produced on i t s  progress by e ith e r  hormone*
B. THE UPTAKE OF -SULPHATE BY DEVELOPING 
SCAR TISSUE WITHIN THE LIVER
Methods
Sodium sulphate  lab e lled  with the rad io -ac tive  isotope of sulphur 
(S55) was d isso lved  in  iso ton ic  sa lin e  and adm inistered to  mice by in t r a -  
p e rito n e a l in jec tio n *  A ll animals were k il le d  24 hours a f te r  a  sing le  
dose which consis ted  of 100 |JC. S ^  NagSO  ^ in  1 ml. s a lin e . (Obtained 
from the U.K. Atomic Energy A uthority , Amersham, Bucks).
The anim als used in  th is  in v estig a tio n  included a number of those \ 
from severa l groups in  Experiment A, v iz . ,  1
Group 3 -  Induction of c irrh o s is  by repeated adm in istration  of
carbon te tra c h lo r id e  but w ithout hormone therapy. Nine animals  from th is  
group were u sed , a l l  of which had been on treatm ent w ith carbon t e t r a ­
ch loride fo r f iv e  months*
Group 10 -  Im plantation of ca tg u t in to  the liv e r  and d a ily
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co rtiso n e  in je c tio n s  -  9 animals*
Group 11 -  Catgut im plantation and daily  ACTH in jec tio n s  «■
4 animals*
Group 12 «• Catgut im plantation without hormone therapy —
9 animals*
In  a d d itio n  to  these , a new group of 25 mice (Group 13) was s tu d ied , 
th ese  animals having the combined lesions of carbon te tra ch lo rid e  
c ir rh o s is  and ca tg u t im plantation# C irrhosis was produced as described 
previously* A fte r  the continued adm inistration  of the l iv e r  toxins fo r  
f iv e ,  s ix  or seven months, a piece of 0000 surg ical catgut was implanted 
w ith in  the l iv e r ,  avoiding hyperp lastic  nodules whenever possible#
Owing to  the firm  consistency of the c ir rh o tic  l iv e r ,  i t  was necessary in  
many cases to  employ su ture  m ateria l attached to  a small "non-traum atic" 
round-bodied needle which was passed through the gland# Carbon t e t r a ­
ch loride was d iscontinued fo r th ree or four days prior to the operation 
and recommenced only in  those animals kept a liv e  fa r one week ar longer#
Animals from Groups 10, 11, 12 and 13 were k illed  a t  in te rv a ls  a f te r
35catgut im plan ta tion  and always 24 hours a f te r  adm inistration of S -sodium 
sulphate* D eta ils  of the numbers employed are shown in  Table XXVIII* 
T issues fa r  autoradiography were taken from liv e r and healing 
abdominal w all wounds* Every care was taken to  have implanted catgut 
near the cen tre  of the block of liv e r  tissue* A ll specimens were fixed  
in  formol-^alcohol, passed to  p a ra ff in  wax and sections cu t in  the usual 
way* Autoradiographs were prepared in  a dark room l i t  by a W ratten
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No# 1A red  S a fe lig h t#  Sections from which wax had been removed and 
passed to  w ater were covered w ith  Kodak s tr ip p in g  film  AR 50 f lo a te d  on a 
tan k  o f w a te r, as described  by Doniach and Pelc (1950)# Both coarse- 
g ra in  and f in e -g ra in  f ilm  were used# A fte r d ry ing  the s l id e s  were 
s to red  w ith in  sealed  con tainers in  a r e f r ig e ra to r  a t  5° C# fo r  60 to  90 
d ays, the longer period being used fo r  f in e -g ra in  p reparations#  The 
s l id e s  were then  developed with Kodak developer DX 80 fo r  fo u r m inutes, 
follow ed by f ix a tio n  in  rlAmfix" fo r  tw ice the period req u ired  to  c le a r  the 
p re p a ra tio n s , u su a lly  fo u r  minutes# S ta in ing  w ith sa fra n in  and l ig h t  
green (Curran & Kennedy, 1955) was c a rrie d  out before mounting#
A djacent sec tions from the same blocks o f l iv e r  were s ta in ed  by 
conventional methods and by c e r ta in  histochem ical procedures fo r mucopoly­
saccharides* Autoradiographs could thus be compared with p repara tions 
s ta in e d  as fo llow sj haematoxylin and eosin ; van Gieson’s method fo r 
co llagen ; Gordon and Sweet*s method fo r r e t ic u l in  f ib re s ;  perio d ic  a c id -  
S ch iff  technique (method of McManus as described by P earse , i 960) ; 0*5% 
aqueous to lu id in e  blue fo r  metachromasia; H ale’s dialyzed iro n  method fo r  
m ucopolysaccharides; A lcian Blue fo r mucopolysaccharides (method of 
Steedman as described by Pearse, 1960)# For H ale’s method, sev era l 
batches of c o llo id a l iro n  reagent (R inehart & Abu’l  H aj, 1951) were 
prepared and gave uniform r e s u l ts ;  th e ir  e fficacy  was shown by p o s itiv e  
s ta in in g  of glom erular c a p il la ry  basement membrane • Standard methods of 
s ta in in g  w ith  to lu id in e  blue o r ig in a lly  gave negative re s u l ts  w ith the 
c ir rh o tic  f ib ro u s  t is s u e ;  consequently, th is  was repeated on fo rm alin -fixed
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fro zen  s e c tio n s , and ethanol dehydration avoided, as recommended by 
Curran (1960)#
R esults
No d i f f ic u l ty  was experienced in  cu ttin g  sections of c ir rh o tic  l iv e r  
w ith  im planted ca tg u t and sev era l examples are i l lu s t r a te d  (Figs# 147 to  
149)# I t  w il l  he evident th a t the two types of fibrous tissu e  under 
in v e s tig a tio n  can be included in  a sing le  section#
An in ten se  uptake o f rad io -ac tiv e  sulphate is  evident from the  auto­
radiographs o f  the laparotomy wounds a t  a l l  stages of healing w ith in  the 
time l im its  o f the experiments (Figs# 150 & 151)# As would be expected, 
th is  occurs a t  the wound edges where there  is  profusion of metachromatic 
ground substances and p ro life ra tio n  of fib rob lasts#  By c o n tra s t, there 
i s  l i t t l e  or no evidence of ra d io -a c tiv ity  over co llec tions of pus c e lls  
seen in  some sec tio n s  around embedded catgu t (Fig# 152)# In  wounds of 
s e v e ra l weeks1 d u ra tion  with well-developed scar t is s u e ,  there is  s t i l l  a 
no tab le  concen tra tion  of rad io -ac tiv e  sulphur#
In  the absence of wound sep s is , cortisone has the e ffec t of minimiz­
ing the ea rly  c e l lu la r  response to  in ju ry  and there is  a reduction in
35metachromatic ground substance# Reduction in  the extent of S uptake 
corresponds w ith  the reduction  in  these h is to lo g ica l fe a tu re s , but the 
in te n s i ty  of uptake where p resen t is  not reduced (Figs# 153 & 154)•
The concen tra tion  of rad io -ac tive  sulphate w ithin the l iv e r  around 
the implanted ca tg u t is  of comparable in te n s ity  and i s  seen a t  a l l  stages
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of ab so rp tio n  and repa ir#  During the early  s tag es , the reac tio n  is  
obtained over the zone of p ro life ra tin g  mesenchymal c e l ls  outwith the 
zone o f n ec ro tic  l iv e r  tis su e  (Figs* 155 & 156)# I t  becomes more 
ex tensive by the seventh or ten th  days when the zone of young connective 
tis s u e  i s  w idest and persists during healing (Figs# 157 & 158)# L a te r, 
when the ca tg u t is  completely absorbed, and the s i te  of l iv e r  damage 
reduced to  a  sm all s c a r , there  is  s t i l l  some evidence of sulphur uptake 
in  th is  reg ion  (Fig# 159)® As in  the abdominal wall wounds, hormone 
therapy reduces the  ex tent but not the concentration o f ra d io -a c tiv ity  a t  
the margin of the lesio n  (Figs* 160 & l 6l ) ;  in  m ateria l from the small 
ACTH-treated group the rea c tio n  is  notably intense (Fig# 162)#
These r e s u l t s  were obtained in cases of catgut im plantation without 
exception* Autoradiographs of the c ir rh o tic  le s io n s , however, give a 
more v a riab le  p ic tu re .  N evertheless, i t  is  apparent th a t in most cases 
of c ir rh o s is  th e re  is  some uptake of sulphur in the fibrous t is s u e  w ithin 
the liv e r#  A completely negative re s u l t  was obtained in  two cases only# 
In  th e  remainder in te n s ity  of ra d io -a c tiv ity  is  not closely re la te d  to 
se v e r ity  of c ir rh o s is  or i t s  duration w ith in  the fiv e  to  seven month 
period# While r a re ly  of comparable in te n s ity  to  th a t  of the catgut 
le s io n s , i t  is  u su a lly  su ff ic ie n t to  show the p a tte rn  of c irrh o s is  qu ite  
d is t in c t ly  on the autoradiographs (Figs • 163 to  166)* F ine-grain  
p reparations show th a t  sulphation i s  confined within the narrow bands of 
fibrous t is s u e  and associa ted  mesenchymal ce lls#  A c e r ta in  amount of 
background ra d io -a c t iv i ty  of low density  i s  seen over a l l  normal lj.ver
-  118 -
t is s u e  w ith  a  s l ig h t  increase over the walls of blood v esse ls  (Fig# 167)# 
This p e r s is ts  in  s p i te  of washing the sections in  water during the 
p rep a ra tio n  of the autoradiographs and avoiding the use of c e llo id in  as a 
p ro te c tiv e  coatingo
P erio d ic  a c id -S c h iff  p o s itiv e  ground substance and f ib re s  are found 
in  the new connective tissu e  around embedded catgut# At a la te r  s tage 
the sc a r  shows f a in t  but d is t in c t  s ta in in g  by th is  method even in  
horm one-treated animals# The same is  apparently true of c ir rh o tic  
fib rous t is s u e ;  P.A .S. s ta in in g  is  frequently  very fa in t  but never 
com pletely ab sen t, and occasionally  is  d is t in c t ly  p o sitiv e  (Fig# 168)#
Metachrcmasia of scar tissu e  around ca tg u t, follow ing to lu id ine  blue 
s ta in in g , i s  pale bu t d is t in c t ,  being of the pink or J^-type (F ig. 170)# 
Very f a in t  metaohromasia can sometimes be recognized in  the c ir rh o tic  
le s io n  (Fig# 1 6 9 ) ,  provided alcohol is  not used in  the dehydration of 
sections# Sections of the catgu t lesion  prepared by the standard method 
are a lso  u n sa tis fa c to ry  although they do reveal c e lls  with purple 
(p-m etachrom atic) g ranules, presumably mast ce lls  (Fig# 171)* No mast 
c e l ls  axe seen in  the c ir rh o tic  lesions#
The r e s u l ts  obtained with the dialyzed iron technique are sim ilar to 
these o ther h istochem ical methods, i#e#, d is tin c t positive  s ta in in g  of 
connective t is s u e  formed around the implanted catgut (Fig# 173) but 
in d is t in c t  or negative  s ta in in g  of the c ir rh o tic  lesio n  (Fig# 172), 
although the reagents used s ta in  glomerular basement membrane re a d ily  
(Fig# 174)# The Alcian Blue technique gives re su lts  almost id e n tic a l to
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those obtained by H ale's method.
COMMENT
The dem onstration of sulpha ted mucopolysaccharides through la b e llin g  
w ith  ra d io -a c tiv e  sulphur is  now a w ell-estab lished  procedure. In mice, 
h ea lin g  cutaneous wounds have been studied  in  th is  way by Glucksman et a l .
(1956). These authors described uptake over periodic ac id -S ch iff 
p o s itiv e  ground substance as w ell as over f ib ro b las ts  and new connective 
t is s u e  f ib r e s .  S im ilar r e s u l ts  were reported by Loewi and Kent (1957) 
from in v e s tig a tio n s  on hea ling  tendon wounds in  guinea-pigs.
A utoradiographic evidence fo r the concentration of rad io -ac tiv e  
sulphur w ith in  connective tissu es  is  ind ica tive  tha t th is  element has been 
incorporated  in to  sulphated mucopolysaccharides (Bostrcm, 1952)# I t  
r e s i s t s  washing w ith water which would presumably remove unbound su lphate. 
This was confirmed by Oppenheimer e t al® ( i 960) in  th e ir  study of 
connective tis s u e  pockets round embedded p la s t ic s .  Such compounds e x is t 
in  metachromatic in te rc e l lu la r  ground substance and possibly on the 
su rface  of r e t ic u l in  f ib re s ;  mature collagen f ib r e s ,  however, contain 
l i t t l e  or no su lphated m a te ria l (Gross, 195Q&)* I^ 3 presence w ithin
f ib ro b la s ts  has been reported  (Curran & Kennedy, 1955) i t  is  probable 
th a t these c e l ls  are  the source of c e r ta in  sulphated mucopolysaccharides, 
p a r t ic u la r ly  chondro itin  sulphate B® Endothelial c e lls  may be capable 
of producing a d if fe re n t sulphated compound, v iz . ,  h ep aritin  sulphate
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(Meyer e t  a l .*  1959)• This might explain  the s lig h t uptake o f over 
v e sse l w alls  w ith in  the liver#  A possib le  inc Qrporstion of sulphate 
in to  the sulph-hydryl groups of ce rta in  amino-acids may a lso  exp lain  the
f a in t  uptake over l iv e r  parenchyma genera lly .
35In  the p resen t work* the uptake of S in  the v ic in ity  o f ea rly  
h ea lin g  wounds is  no more than would be expected. I t s  presence in  scars 
which s ta in  red  by van G ieson's method* is  ind icative  th a t young* i f  not 
m ature, co llagen  i s  c losely  associated  with a sulphated compound* I t  is  
a lleg ed  th a t co rtisone  in h ib its  the synthesis of sulphated mucopoly­
saccharides (Layton* 1951; Nordlie & Fromm, 1958; Kowalewski* 1959)# tout 
the experiments ju s t  described have shown that* while cortisone and ACTH 
reduce mesenchymal c e llu la r  p ro life ra tio n *  they do no t n u llify  completely 
the production of sulphated compounds or the formation of scar t is s u e .
The uptake of rad io -ac tiv e  sulphur by the fibrous tis su e  in  c ir rh o s is  
must in d ica te  mesenchymal c e llu la r  a c t iv i ty  a t these s i te s  in  the l iv e r  
with syn thesis  o f sulphated mucopolysaccharides. Since th is  synthesis 
seems to  be an e s se n tia l s tep  in  scar tis su e  formation i t  would appear 
th a t  the c ir rh o tic  le s io n  cannot r e s u lt  e n tire ly  from passive condensation 
of pre-formed f ib re s  but must involve the a c tiv ity  of connective tissu e  
c e l l s .
The presence of sulphate as anionic groups in  polysaccharide 
molecules should render these substances metachroma t i c  w ith to lu id in e  
blue (P earse, i 960) .  I t  is  obvious from the present work th a t au to­
radiography follow ing the adm in istration  of rad io -ac tive  sulphur i s  a
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much more se n s itiv e  method fo r the detection  of newly-formed sulphated 
compounds. However, i t  would appear from th is  and from th e  re s u l ts  of 
the o ther h istochem ical methods th a t  the c ir rh o tic  le s io n  is  not r ic h  in  
a c id ic  m ucopolysaccharides.
C. THE ANTIGENIC NATURE OF INTRA-HEPATIC FIBROUS TISSUE.
STUDIED BY THE FLUORESCENT-ANTIB QDY TECHNIQUE
A ntibodies were prepared to  mouse glomerular basement membrane and 
to  quartz granulomatous t is s u e ,  conjugated with flu o resce in  by the Coons 
technique and applied  to  sections of mouse l iv e r  containing the fib rous 
lesio n s  a lready  d escrib ed . The object of th is  in v estig a tio n  was to  com­
pare the an tigen ic  p ro p erties  of the argyroph ilic  f ib re s  present in  the 
c ir rh o t ic  le s io n  and in  the new connective tis su e  farmed around implanted 
c a tg u t.
Methods
1 . Production of antibody to  glomerular basement membrane. F if ty  p a irs  
of mouse kidneys were obtained frcm healthy young Swiss a lb ino  mice.
Each animal was k i l le d  quickly and the thorax and abdomen opened. The 
in fe r io r  vena cava was cu t and the body perfused with 50 to  100 ml. of 
s te r i l e  iso to n ic  sa lin e  introduced through a f in e  needle in to  the l e f t  
v e n tr ic le .  The bloodless kidneys were then removed, s trip p ed  of th e i r
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fib rous capsules and the co rtices  d issected  from the m edullae.
The pooled re n a l co rtic e s  were homogenized b r ie f ly  in  a Waring 
Blender with ice -co ld  iso ton ic  sa line  and pressed through 120-mesh 
s ta in le s s  s te e l  gauze with a spatula* The gauze re ta in s  coarse f ra g ­
ments of fib ro u s tis su e  and blood vessels* The m ate ria l rem aining was 
cen trifu g ed  a t  1,000  r*p#m* and the supernatant f lu id ,  which contains 
blood c e l ls  and iso la te d  tubular e p i th e l ia l  c e l l s ,  decanted off* The 
deposit was re-suspended in  ice-cold  sa lin e  and allowed to  s e t t l e  by 
g ra v ity .  A fte r a few minutes, the upper 4/5# which contains many tubu lar 
fragments but few iso la ted  glom eruli, was a sp ira te d . This process of 
a s p ira tio n  and re-suspension was repeated several tim es, when the  f in a l  
d ep o sit co n sis ts  mainly of glom eruli. The method is  almost s im ila r  to  
th a t  app lied  to  dog kidneys by Krakower and Greenspon (l95 l)»  The f in a l  
p rep ara tio n  was homogenized with 25 ml* iso ton ic  sa lin e  and m erth io late  
added to  a concentration  of 1:10,000* I t  was sto red  a t  -20° C.
Two young a d u lt male a lb ino  rab b its  each received 1 ml* of the 
thawed suspension by in tra p e rito n e a l in jec tio n  twice weekly fo r four 
weeks. Adjuvants were not used* Ten days a f te r  the l a s t  in je c tio n , 
each animal was anaesthetized  and 25 to 30 ml* blood removed by card iac  
puncture* The blood was co llec ted  in  heparinized tubes and cen trifuged  
to  obtain  plasma. One week la te r  each animal received a fu rth e r course
of in je c tio n s  and was again b led .
Globulin was obtained from the ra b b it  plasma by p re c ip ita tio n  with 
40io ammonium su lphate . This was redissolved in  d i s t i l le d  water and
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d ia lyzed  to  remove sulphate* M erthiolate was added to  a  concen tration  
of l i  10,000 and the so lu tio n  sto red  a t  -20° C.
2* Production o f antibody to  quartz granulomatous t i s s u e * 4 &• pre­
c ip i ta te d  s i l ic o n  dioxide was added to  100 ml* iso ton ic  sa lin e  a-nd the 
m ixture s te r i l i z e d  by boiling* 0o5 ml* of a uniform suspension was then 
adm inistered to  each of 25 young adult Swiss albino mice by in je c tio n  in to  
the loose subcutaneous tis su e  of the dorsal reg ion . Each animal was 
k i l le d  ten  days l a t e r ,  when a white d isc - lik e  lesion  was present at the 
s i t e  of in jec tio n *  These lesions co n sis t of quartz p a r t ic le s  bound 
to g e th e r  w ith gelatinous e x tra -c e llu la r  m ateria l and with a margin of 
o rganizing  connective tis su e  including many young argen tophil f ib re s  
(C urran, 1953)o They can be d issected  out very re a d ily  from the surround­
ing  tis su e s*  Each granuloma was ca re fu lly  homogenized with a l i t t le  
iso to n ic  sa lin e  and the homogenates pooled* By allowing the ground-up 
t is s u e  to s e t t l e  by g rav ity  some of the lib e ra ted  s i l i c a  could be 
deoanted o ff in  the supernatent fluid* This was repeated sev era l times* 
The f in a l  product was made up to  25 ml* with iso tonic  sa lin e  and 
m erth io la te  added to  a concentration of 1:10,000* I t  was sto red  at 
-20° C.
Two ra b b its  each received in trap e rito n ea l in jec tio n s  of the thawed— 
out suspension of ground-up granulomata through a wide-bored needle*
Each dose was approximately 1 ml*, and adjuvants were not used* The 
number o f in je c t io n s ,  subsequent bleeding and preparation  o f g lobulin
-  124 -
were s im ila r  to  those desoribed fo r the production o f antibody to  
glom erular basement membrane*
3* P rep ara tio n  of flu o resce in  isocyanate* The method described in  
d e ta i l  by Coons and Kaplan (1950) wa-s employed* In  summary, th is  involves 
the  suc tion  of a  stream of phosgene gas through a so lu tio n  o f f lu c re so e in -  
amine in  dry acetone* The re su lta n t flu o resce in  isocyanate i s  pre­
c ip i ta te d  by evaporation and red isso lved  in  a dry acetone-dioxane 
m ixture, so th a t 25 mg* of o rig in a l amine compound produces 3 ml* of the 
f in a l  so lu tion*
4* Conjugation of antibody* A 100 ml* conical f la sk  containing 9 ml* 
iso to n ic  s a lin e  and 3 ml* sodium carbonate!bicarbonate b u ffe r  a t  pH 9*0 
m s  s e t  in s id e  a large  beaker and the whole placed on a magnetic s t i r r e r *
Chopped ic e  was placed between f la sk  and beaker and the s t i r r in g  mechanism
s e t  in  motion* When the contents of the f la s k  were c h il le d , 4 ml* of 
thawed ra b b it  serum fra c tio n  were added dropwise to  i t  over a period of 
ten  minutes* S tir r in g  was allowed to  continue for a fu rth e r ten  minutes* 
With s t i r r in g  s t i l l  in  progress 1 ml* of fre sh ly  prepared f lu o r -  
esoein isocyanate so lu tio n  was added dropwise and very slowly* This was 
most conveniently done from a tubercu lin  syringe*
On completion o f  the procedure the f la s k ,  ice-bath  and magnetic 
s t i r r e r  were tra n sfe rre d  to  a re fr ig e ra to r  containing an e le c tr io  power 
po in t fo r the s t i r r in g  motor* S tir r in g  of the mixture was ca rrie d  out 
in  th is  m y fo r 24 hours a t  0° to  2° C*
At the end of th is  period the apparatus was removed from the
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r e f r ig e ra to r  and the content of the f la sk  tra n sfe rre d  to  d ia ly s is  tu b ing . 
I t  was d ia lyzed  in  the re fr ig e ra to r  aga inst VS/ 15 phosphate b u ffe r in  
iso to n ic  s a l in e .  The buffered sa lin e  was changed twice d a ily  and 
d ia ly s is  continued u n t i l  a l l  unconjugated fluo resce in  was removed; th is  
usually  takes seven or e ig h t days. The conjugate was then retu rned  to  a  
f la s k ,  shaken up w ith dry  guinea-pig liv e r  powder (100 mg./ml. serum in  
the  o r ig in a l m ix ture), f i l te r e d  and s ta red  in  the r e f r ig e ra to r .  No 
p rese rv a tiv e  i s  necessary as the dye is  b a c te r io s ta tic .
5© M ate ria l fo r  in v es tig a tio n . A fu rth e r se rie s  of twelve Group 13 
mice were prepared as already described . A ll had received carbon t e t r a ­
ch lo ride  fo r f iv e  months and were c ir rh o t ic .  In tra -h ep a tic  catgut 
le sio n s  v aried  in  duration  from three days to  two weeks.
Small blocks of l iv e r  tissu e  were placed deeply w ith in  clean dry t e s t -  
tubes which were subsequently stoppered and plunged in to  a  slush  of carbon 
dioxide snow and a lcoho l a t  approximately -70° G. A fter freezing  of the 
t i s s u e ,  the tubes were tran sfe rred  to  a c ry o sta t a t  -20° C. Care was 
taken th a t  one block of tissu e  from each liv e r  contained implanted 
c a tg u t. M aterial was fixed a lso  in  Rossman's p ic r ic  ac id -a lco h o l- 
farm alin  fo r  rou tine  h is to lo g ica l examination.
6.  S ta in in g  of sec tions with f lu  ores cein-antibody con ju g a te . Frozen 
sec tio n s  of hepatic tis su e  were cut w ithin the cryosta t a t  6 p. These 
were f la tte n e d  on to  clean glass s lid e s  with heat from the finger t i p .  
S lides on removal from the c ry o sta t were immediately d ried  with warm a i r
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from a  h a ir  dryer# Sections from each block of t is s u e  were f ix e d  in  10^ 
form alin  fo r twenty minutes and sta ined  by van G ieson's method and by 
Gordon and Sw eet's method fo r  r e t ic u l in .  Other unfixed sec tio n s  were 
covered w ith  a  few drops of conjugated antibody fo r  two hours a t  room 
tem perature. S lides were placed on damp f i l t e r  paper w ithin P e t r i  
d ishes to  prevent drying of conjugate. At the end of th is  period  they 
were w ell washed w ith lu^l5 phosphate b u ffer (pH 7«0) to  remove excess dye 
and the sec tions mounted in  a glycerol-phosphate b u ffe r mixture# The use 
of sp e c ia l quartz  s lid e s  or cover-glasses is  unnecessary.
7* Microscopic examination and photography. The preparations were 
examined w ith  a L eitz  BX 20 fluorescence microscope, using a 150-watt 
compact source mercury vapour lamp (P h illip s  ME/D 103803) as the souroe 
of l i g h t .  The eyepiece contained a Euphos b a rr ie r  f i l t e r .
Photographic records were obtained from th is  microscope on high­
speed day lig h t-ty p e  Ektachrome film . Suitable exposure times were 20 to  
25 seconds fo r low power f ie ld s  (lO il) and 30 to  40 seconds fo r high 
power f ie ld s  (25s i ) .  S lig h tly  longer exposures are p referab le  fo r 
photography of negative r e s u l t s .  S a tisfac to ry  black and white photo­
graphs have been obtained using Kodak P 300 panchromatic p la te s , 2 minutes 
fo r  low power and 4 minutes fo r high power f ie ld s « Exposure times much 
in  excess of these are  to  be avoided as they cause fading of the 
flu o rescen ce .
8* Control methods. When fluorescence of connective tissu e  f ib re s  was
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observed, the follow ing controls were se t upi
(a) Sections were tre a te d  with fluo rescein  conjugated serum 
from healthy  rab b its  with no antibody re lev an t to  these 
experim ents.
(b) Sections were trea ted  fo r one hour with normal ra b b it  
serum followed a f te r  washing by treatm ent with antibody 
conjugate as described.
(c ) Sections were tre a ted  fo r one hour with unlabelled  
antibody-containing serum followed by the ap p lica tio n  
of the same antibody conjugate.
(d) Sections were tre a ted  fo r one hour with unlabelled  
antibody to  glomeruli followed by the app lica tio n  of 
the granuloma antibody conjugate, and vice v e rsa .
(e) Samples of both conjugates were absorbed for two hours 
w ith  one or other antigen hamogenate, f i l t e r e d ,  and 
used on l iv e r  sections as already described.
9 . S ta in in g  of sec tio n s  by the an ti-antibody method.  Further sec tio n s  
from th is  m ateria l were re-examined a t  a la te r  date by the method whereby 
the ap p ro p ria te  antibody, unconjugated, is  ,,sandwiched,, between tis su e  
an tigen  and a  flu o re sce in -lab e lled  antibody to  rab b it globulin  (Mellors 
e t a l . ,  1955). I t  is  claimed th a t s e n s it iv ity  is  increased by th is  
procedure •
Frozen unfixed sections were tre a ted  with unconjugated antibody fa r
128 -
two hours a t  room tem perature. Following a period of washing in  
phosphate b u f fe r ,  they were then stained  with goat serum containing an 
antibody to  r a b b it  g lobu lin , th is  antibody being conjugated w ith 
f lu o re s c e in . The goat a n ti- ra b b it  preparation  was obtained commercially 
from "M icrobiologicals ,  I n c .”, Baltim ore, Md., U.S.A.
R esu lts
D is tin c t apple-green fluoresoence of connective tissu e  f ib re s  com­
p r is in g  the c ir rh o tic  le s io n  was obtained following treatm ent with e i th e r  
an tibody. U sually , only one or two of these f ib re s  could be d is tin g u ish ­
ed along any one septum, and. in  many cases may not have accounted fa r  i t s
e n t ire  th ick n ess . Each fluorescing  f ib re  had the dimensions of a deeply
s ta in in g  a rg y ro p h ilic  f ib re  and seemed to  correspond to those s ta in in g  by 
van G ieson's methodo Fluorescent s ta in in g  was in d is tin c t or absent in  
some th in n er sep ta  and was frequently  obscured by ceroid pigment which 
has a  n a tu ra l  white fluorescence. This pigment was copious in  many 
specimens, e sp e c ia lly  in  the neighbourhood of p o rta l tra c ts  and along 
the fib rous sep ta  of the c ir rh o tic  l iv e r .  I t  may be demonstrated re a d ily
in  p a ra ff in  sec tions with f a t  s ta in s  (F ig . 175) or by the period ic  ac id -
S ch iff  technique (F ig . 176).
F igures 177 to  181 show examples of the p ositive  re su lts  in  c ir rh o s is
which were obtained by both an tibod ies. Fluorescence was le ss  in tense 
i f  e ith e r  serum was d ilu ted  with more than the same amount o f  phosphate
b u ffe r , whether used in  the d ire c t or in  the "sandwich” method.
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No attem pt has y e t been made on an exact q u an tita tiv e  comparison.
The r e s u l t s  suggest th a t  e ith e r  (a) two antigens have been id e n tif ie d  
in  the hepatic  connective tissu e  f ib re s  or (b) the two an tibod ies are 
s im ila r  in  so f a r  as they have an a f f in i ty  for a s ing le  an tigen  in  th is  
connective t i s s u e .  The re s u l ts  of th e  various contro ls which were under­
taken support th i s  second suggestion, as pre-treatm ent with one unoon- 
jugated  an tibody quenched subsequent fluorescence normally obtained by the 
o th e r . In  ad d itio n , both could be absorbed by e ith e r  tis su e  an tigen . 
D e ta ils  o f th ese  r e s u l ts  are  as follow s:
(a) Normal ra b b it serum conjugate -  negative f  luorescenoe (F ig . 182).
(b) Normal ra b b it serum —> e ith e r
conjugated antibody -  positive  fluorescence (F ig . 183).
(c) Uncanjugated antibody —> same
antibody conjugated -  negative fluorescence.
(d) ( i )  Unconjugated anti-glom erular 
serum anti-granulom a serum
conjugate -  negative fluorescence (F ig . 184).
( i i )  Unconjugated anti-granuloma 
serum —) an ti-g lom eru lar serum
conjugate -  negative fluorescence*
(e) ( i )  A nti-glcm erular serum 
conjugate absorbed with 
homogenates of glomeruli or
granulomata “ negative fluorescence*
-  130 -
( i i )  Anti-granuloma serum conjugate 
absorbed w ith hcmogenates of
glom eruli or granulomata -  negative fluorescence.
No fluorescence of comparable in ten s ity  was observed with e i th e r  
serum in  the young scar tissu e  around implanted c a tg u t. F ain t in d is tin o t 
fluorescence is  p resen t in  the outer margin which is the ac tiv e  zone o f ' 
a rg en to p h il f ib re  form ation, but fib res  could not be d istinguished on 
high power examination (Figs* 185 & 186)* Occasionally tin y  tubu lar 
s tru c tu re s  could be made out with th in  fluorescing w alls , possibly 
c a p il la ry  blood vessels*
In  the remainder of the sections fluorescence with both sera  marked 
the basement membrane of most in te rlo b u la r b ile -d u c ts . No normal hepatio 
r e t ic u la r  f ib re s  in  the w alls of sinusoids could be id en tified *
The abdominal w all wounds of some animals were subjected to  s im ila r 
examination and showed po sitiv e  s ta in ing  of sarcolemma, basement membrane 
of sk in  appendages and a few tubular s tru c tu re s , probably cap illa ry  blood 
v esse ls  in  g ran u la tio n  t is s u e .
S ections from the kidneys of these animals showed d is t in c t  f lu o re s -  ( 
cence of glom erular and tubular basement membranes with both se ra .
The opportunity  was obtained recen tly  of investiga ting  a case of 
human c ir rh o s is  in  a s im ila r fashion* Fresh frozen sections were 
prepared from a  wedge biopsy of liv e r  taken from a case of fa t ty  c ir rh o s is  
asso cia ted  with chronic alcoholism* These were tre a ted  with a ra b b it
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anti-human glom erular serum conjugated with rhodamine. Fluorescence of 
the  f in e r  connective t is s u e  f ib re s  was obtained (F igs. 187 & 188).
COMMENT
Since the f i r s t  rep o rt on i t s  usefulness in  demonstrating b a o te r ia  
w ith in  t is s u e s  (Coons e t a l . ,  1942), th is  technique, which allows the 
v isu a l re p re sen ta tio n  of s i te s  of antigen-antibody re a c tio n , has become an 
es ta b lish ed  procedure in  h isto lo g y . I ts  ap p lica tio n  to  tis su e  components 
was rep o rted  nine years la te r  as a means of demonstrating ACTH in  
p i tu i ta ry  c e l ls  (M arshall, 1951)• H ill  and Cruickshank (1953) prepared 
an tib o d ies  to  homogenates of renal tis su e  and to iso la te d  glom eruli and 
showed p o s itiv e  s ta in in g  of basement meDibranes by flu o resce in  conjugates 
of th e se , not only on the glomerular w a lls , but in  a v arie ty  of tis su e s  
(Cruickshank & H i l l ,  1953)® Other f ib re s  including the r e t ic u la r  network 
of sp leen  and lymph nodes, ca p illa ry  w alls and sarcolemma were s ta ined  
a ls o ,  bu t hepatic  r e t ic u l in  was not convincingly demonstrated*
In te re s t  in  the nephrotoxic property of glomerular basement membrane 
^antigen has stim ulated  many in v estig a to rs  along s im ila r lin e s  and in  the 
use of other immunological techniques such as the lab e llin g  of antibody 
w ith ra d io -a c tiv e  iodine (Pressman & Sherman, 1951) and te s ts  of i t s  
a b i l i t y  to  produce n e p h ritis  in  experimental animals (Baxter & Goodman, 
1956)# I t  seems reasonably ce rta in  th a t glomerular basement membrane 
has an tig en ic  p ro p erties  s im ila r  to  those of basement membranes of other
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organs such as lung and p lacenta (Baxter & Goodman). These authors 
claim  th a t many tis su e s  can be used to  produce nephrotoxic an tibodies 
most o f  which, on in je c tio n , w ill  be absorbed re ad ily  by re n a l glom eruli 
because of th e i r  large  cap illa ry  bed and blood flow . Others believe th a t  
glom erular basement membrane contains a t  le a s t two an tig en s, only one of 
which i s  nephrotoxic (Goodman e t  a l . ,  1955; Markowitz, i 960) .  Malazzo 
(1957), who holds the former view, has shown th a t glomerular antigen i s  a 
period ic  ac id -S ch iff  s ta in in g  m ate ria l r e s is ta n t  to  try p s in  and hyaluron- 
id ase , probably a g lycoprotein . Such compounds are generally  thought to  
confer s p e c i f ic i ty  to  antigens and haptens.
In  s p ite  of negative or unconvincing r e s u lts  with normal liv e r
r e t ic u l in  by the fluo rescen t antibody technique, some evidence ex is ts  th a t
the organ contains an tigen  with s im ila r p roperties to  glomerular basement
131membrane a n tig en . Thus Pressman and Sherman showed by th e ir  I  l a b e l l ­
ing technique th a t  some glomerular antibody could be absorbed by the l iv e r .  
Smadel (1936) had noted previously the removal of nephrotoxic antibody by 
l iv e r .  B axter and Goodman separated liv e r  stroma from parenchymal c e l ls  
and showed th a t tbs an tigen ic  property was present in  the former.
P ossib ly  negative s ta in in g  of liv e r  r e t ic u lin  by glomerular basement 
membrane antibody conjugate is  due only to the sparseness of these th in  
hepatic  f ib r e s .  However, Mellors e t  a l .  (1955) have reported th a t there  
i s  no s ta in in g  of the re la t iv e ly  more profuse splenic r e t ic u l in ,  although 
spleen has the capacity  of absorbing the antibody (H ill & Cruickshank). 
S co tt (1957) produced an antibody to connective tissu e  r e t ic u l in  as
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d is t in c t  from e p i th e l ia l  basement membrane by the use of normal synovial 
t is s u e  as a n tig e n . His basement membrane antibody stained b ile  duct 
basement membrane but no other reference was made to  the l iv e r .  Basement 
membrane may have something in common with fibrous connective tissue since  
70 per cen t of i t s  antibody can be absorbed by collagen (Markowitz, I960).
From the re s u lts  of the present work i t  is  apparent th a t  some fib res  
comprising the membranous septa which develop w ith in  the l iv e r  in  
c ir rh o s is  con tain  m ateria l an tig en ica lly  sim ilar to th a t found in  
glom erular basement membrane and probably other basement membranes in  the 
body. I f  i t  i s  assumed th a t normal l iv e r  re t ic u la r  f ib re s  a lso  are 
basement membranes th is  would be in  favour of the supposition that these 
a re  condensed in  the c ir rh o tic  le s io n . This supposition might be further 
strengthened by the absence of comparable fluorescence in  the developing 
s ca r t is su e  around implanted catgut (apart from a few cap illa ry  w a lls), 
a lthough i t  must be remembered th a t many argyrophilic  f ib re s  in  these 
le s io n s , lik e  normal hepatic  r e t ic u l in ,  are  very th in .
This hypothesis is  made less  c e r ta in  by the positive  re s u l ts  
obtained with quartz granuloma antibody. This was prepared o r ig in a lly  
w ith  the expecta tion  th a t i t s  conjugate would demonstrate the r e t ic u la r  
f ib re s  of the catgu t le s io n  but not basement membranes or the c ir rh o tio  
le s io n s . I t  has been shown th a t c a p illa iy  walls have an a f f in i ty  fo r 
basement membrane an tig en , and i t  may be th a t the granulomata had a 
su ffic ien cy  of these small vessels to  produce a sim ilar antibody® 
Contamination w ith  sarcolemma is  un likely  as the granulmatous lesions
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were separated  c a re fu lly  from underlying muscle during d is s e c tio n . I t  
may be th a t young connective tis su e  in  quartz granulomata contains a 
g lycopro te in  chem ically s im ila r  to th a t responsible fo r sp ec ific  an ti­
g e n ic ity  of basement membranes; th is  i s  discussed more fu lly  below. In 
th i s  event ra th e r  more prominent fluorescence of the catgut le s io n  would 
have been expected . The fac t th a t fa in t  fluorescence could be detected 
a t  the margin of th is  le s io n  might imply th a t such an antigen is  in  faot 
p resen t in  f in e  r e t ic u la r  f ib re s  or in te r - c e l lu la r  m a te ria l, but in  a 
r e la t iv e ly  low concentration# However, Taylor e t al*  (1961) have fa iled  
to  demonstrate r e t ic u l in  f ib re s  in  granulation  tis su e  with glom erular and 
pulmonary basement membrane antibody conjugates.
GENERAL DISCUSSICN
Hepatic c ir rh o s is  is  a disease common to man and produced read ily  in  
fl.THmfl.ifl by experim ental procedures. Although the subject of numerous 
in v e s tig a tio n s , there  i s  s t i l l  much regarding i t s  pathology which remains 
obscure. Even the term "c irrh o sis"  causes confusion, there being no 
genera lly  accepted d e f in itio n  of th is .  Prom the standpoint of c l in ic a l  
m edicine, the mere presence of excess fibrous tissu e  in  the liv e r  is  
unim portant; i t  is  the abnormal in trahepatic  vascular shunts and d is to r tio n  
which m atter, as these cause ischaemia of surviving nodular l iv e r  paren­
chyma and the establishm ent of p o rta l hypertension. Seme p a th o lo g is ts , 
e .g . ,  Popper and Schaffner (1957) suggest th a t these functional
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abnorm alities should be im plied by the texm “c ir rh o s is11, otherwise 
"h ep a tic  f ib ro s is "  should be used. On th is  basis mazy cases of so— 
c a lled  " b i l ia ry  c ir rh o s is"  and "cardiac c irrh o s is"  could not be regarded 
as tru e  c i r rh o s is .
F u rther confusion i s  caused by the adoption of d iffe re n t c la s s i f ic a ­
tio n s  of h epatic  c ir rh o s is  or f ib ro s is  by d iffe ren t au thors. Thus, to 
many American p a th o lo g is ts  the terms "Laennec’s c irrh o s is"  or "p o rta l 
c ir rh o s is "  a re  synonymous with the f in e  fa t ty  c irrh o s is  commonly assoc­
ia te d  with alcoholism . In  th is  country, where alcoholic c ir rh o s is  is  
r e la t iv e ly  uncommon, the same terms have a wider meaning.
I t  is  d i f f i c u l t  to  find  a counterpart to  experimental carbon t e t r a ­
ch lo rid e  c ir rh o s is  in  human pathology. Prolonged or repeated exposure 
to  a  he pa tax in  of th is  type would be unusual. P ost-tox ic  c ir rh o s is  in  
man i s  genera lly  of the coarse "post-necrotic  scarring" type of le s io n , 
s im ila r  to  th a t  which may complicate an unusually severe bout of v ira l  
h e p a t i t i s ,  and which is  taken to represent the r e s u l t  of extensive 
d e s tru c tio n  of l iv e r  parenchyma by a s ing le  episode of poisoning. The 
experim ental tox ic  lesion  develops gradually and is  rem iniscent of the 
"creeping" type of c irrh o s is  described by Gall ( i 960) iu  h is account of 
a lco h o lic  l iv e r  d isease and cryptogenic p o rta l c irrh o s is  in  man. I t  has 
been suggested th a t  antigens from damaged liv e r  c e lls  s e t up an au to ­
immune re a c tio n  causing a continuation of tissu e  c e l l  d es tru c tio n , even 
in  cases of experim ental n u tr it io n a l c irrh o s is  (Wilgram, 1959)® Oslo 
would not expect th is  in  carbon te tra ch lo rid e  c ir rh o s is ,  the development
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of which depends on the continued ad m in istra tio n  o f the poison . During 
the ea rly  s tag e  of th is  development the fibrous t is s u e  extends from 
c e n tr i- lo b u la r  veins and r e c a l l s  the "reversed lobu la tion" p a tte rn  of 
human card iac c i r rh o s is ,  but there  is  no venous or s in u so id a l congestion . 
I t  i s  only the advanced case with gross nodular hyperp lasia  which 
resem bles coarse w e ll-e s tab lish e d  c ir rh o s is  in  man#
In  the  p resen t in v e s tig a tio n , these questions of d e f in it io n  and 
relevance to  the human d isease  are  probably unim portant. I  have been 
concerned w ith  the o rig in  of fib rous connective tis su e  w ithin the liv e r  
and, d o u b tless , th is  involves processes common to  many cases of the 
d isease  re g a rd le ss  of a e tio lo g y . Several hypotheses req u ire  considera­
t io n .
(a) H epatic f ib ro s is  i s  the r e s u l t  of collagen form ation by f ib ro ­
b l a s t s . I t  i s  evident from the ca tg u t im plantation  experiment th a t  
p ro li f e ra t io n  of f ib ro b la s ts  w ith form ation of connective t is s u e  f i b r i l s  
i s  p o ssib le  w ith in  mouse l iv e r .  In  the r a t ,  in tra -h e p a tic  in jec tio n s  of 
carrageenin  induce fo c i of f ib ro s is  which a lso  undergo f ib ro ly s is  a f te r  a 
few weeks (Zak e t a l . ,  1958)*
N ecrotic l iv e r  undergoing a u to ly s is  can be a stim ulus to  f ib ro ­
b la s t ic  a c t iv i ty  and p ro l i f e r a t io n .  Scar t is su e  develops around 
autologous l iv e r  tra n sp la n ts ,  un less these be b o iled  before tra n sp lan tin g  
in  order to  destroy  the enzymes lib e ra te d  by a u to ly s is  (Cameron & 
K arunaratne, 1936). Prominent f ib ro b la s ts  are described , e sp e c ia lly  in
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the p o r ta l  t r a c t s ,  in  biopsy m ateria l frcm p a tien ts  with v i r a l  h e p a t i t i s ,  
p a r t ic u la r ly  those cases lik e ly  to  develop c irrh o sis  a t  a  la te r  date 
(Weiribren, 1952). Leevy e t  a l*  (1955) obtained fib ro b la s ts  read ily  by 
t is su e  c u ltu re  of l iv e r  biopsy m ateria l from various types of c ir rh o s is ,  
but i t  seems l ik e ly  th a t  a sim ilar r e s u l t  could be obtained from any 
specimen of f re sh  l iv e r .  These authors noted also  the disappearance of 
f ib ro b la s ts  and the shrinkage of fibrous tissu e  in  s e r ia l b iopsies of 
chronic cases . G all ( i9 6 0 )  noted prominent f ib ro b las ts  even in  "post- 
co llapse" c ir rh o s is  but m ito tic  a c t iv i ty  of these c e lls  was inconspicuous. 
E lec tron  m icroscopic s tu d ies  of human c irrh o tic  liv e r  by Cachera and 
Darnis (1955) showed collagen f ib r i l s  extending from within mesenchymal 
c e l ls  and the same has been reported  in  the p o rta l canals of normal human 
and mouse l iv e r  (C ossel, 1959). Many h is to lo g is ts  would disagree th a t 
these f i b r i l s  are  formed w ithin c e l ls ,  although they would regard mesen­
chymal c e l ls  in  th e i r  proximity as probable f ib ro b la s ts .
Conversely, others have been impressed by the re la tiv e  lack of 
f ib ro b la s t ic  a c t iv i ty  in  c ir rh o s is .  Popper and E lias (1955), i& th e ir  
three-dim ensional study of human c ir rh o tic  l iv e r s ,  described the develop­
ment of collagenous membranes and p o rta l f ib ro s is  in  the absence of 
prominent f ib ro b la s ts .  Smetana (1956) made a sim ilar observation in  
human p o st—n ec ro tic  c i r rh o s is .  In  the periductu lar type of hepatic 
f ib ro s is  described  by Schaffner and Popper (1 961 ) ,  electron microscopy 
reveals few i f  any recognizable fib ro b la s ts  in  re la tio n  to  new f ib re
form ation.
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In  experim ental carbon te tra ch lo rid e  c irrh o s is , the condition 
develops insiduously  without prominent f ib ro b la s tic  a c t iv i ty .  Mesen­
chymal c e l ls  a re  numerous around necrotic  l iv e r  but appear to  be macro­
phages. Some a t  le a s t  are derived from liv e r  sinusoidal c e lls  (v . P a rt 
IV of th is  th e s i s ) .  There is nothing comparable to  the prominent f ib ro ­
b la s t ic  re a c tio n  around implanted ca tg u t. Scanty spindle-shaped c e l ls  
are  seen in  a sso c ia tio n  with collagen f ib re s , but these might be 
s in u so id a l c e lls  entrapped by condensed r e t ic u l in .
(b) Connective tis su e  f ib re s  are deposited from tis s u e  f lu id s  
w ithout prominent f ib ro b la s tic  a c t iv i ty . Popper and E lias (1955) 
suggested an o rig in  from plasma p ro te in .
The exact ro le  played by fib ro b las ts  in  collagen formation i s  s t i l l  
u n ce rta in . E lectron  microscopic studies of these c e lls  in  tissu e  cu ltu re  
show condensation of m ateria l a t  c e ll  margins and the development of 
filam entous p ro jec tio n s  which precede the appearance of c ro ss -s tr ia te d  
collagen f i b r i l s  in  th e ir  v ic in ity  (Yardley e t a l . ,  I960). I t  is  
un certa in  whether the f ib ro b la s ts  are necessary far the continous 
form ation of collagen or whether they only in i t ia te  ttie process. I t  i s  
well-known th a t co llagen  f ib r i l s  can be p rec ip ita ted  from collagen 
so lu tio n  _in v i t ro  in  the absence of c e l ls .  Collagen solvents are 
generally  weak organic acids or neu tral sa lin e , while so lu b ili ty  depends 
to  some ex ten t on the age of the collagen (Jackson & Bentley, i 960) .
(in  c ir rh o s is  a  high percentage of liv e r  collagen is  of the immature
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a lk a li-s o lu b le  type , according to  H utterer e t a l . ,  i 960) .  P re c ip ita tio n  
of co llagen  is  re a d ily  obtained by varying pH or increasing  the concen­
t r a t io n  o f  s a l t  (Gross, 1950b). Addition of mucopolysaccharides, 
e sp e c ia lly  chondro itin  sulphates A and C, w ill also acce le ra te  the e ffe c t 
(Highberger e t  al,* , 1951J Wood, 1960)0 I t  may be th a t f ib r i l s  can form 
iS  YIVQ a "k a d istan ce  from the c e lls  producing th e ir  co n s titu en ts .
I t  is  claimed th a t collagen f ib r i l s  can be produced in  v itro  by the 
a c tio n  of de tergen ts on plasma proteins and th a t th is  may be connected 
with the development of c irrh o s is  in mice following the app lica tion  of 
d e terg en ts  to the sk in  (H o ls ti, 1956). This author suggested a s im ila r 
mechanism to  ex p la in  c ir rh o s is  in  rabb its caused by feeding b ile  s a l t s .
(c ) Connective tissu e  f ib r i l s  are formed by the condensation of the 
r e t ic u l in  framework of the l iv e r  following absorption of necrotic 
parenchymal c e l l s . Many hepatotoxic agents se lec tiv e ly  destroy paren­
chyma and leave in ta c t  the other structures including sinusoidal c e lls  and 
r e t ic u l in .  Following a single incident of th is  so r t ,  the in ta c t stroma 
a c ts  as a sca ffo ld in g  fo r regenerating liv e r. In cases of mare extensive 
l iv e r  n e c ro s is , involving numbers of complete lobules adjacent to  each 
other or in  cases of repeated exposure to toxin with in h ib itio n  of 
reg en era tio n , the su rv iv ing  stroma co llapses. The re t ic u la r  nature of 
the condensed s tru c tu re  p e rs is ts  and can be seen by s ilv e r  impregnation 
(S te in e r , i 960) .  Popper and E lias (1955) believe th a t collagen appears 
in  the collapsed  stroma which is  condensed but not augmented. Popper
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(1954) described  condensation of r e t ic u l in  and the appearance of co llagen 
along l in e s  of s tr e s s  passing ra d ia l ly  in to  regenerating nodules of 
h y p erp las tic  l iv e r  t is s u e .
I h is  theory may affo rd  an explanation for the increased incidence of 
c ir rh o s is  in  leukaemic children  since the use of modern chemotherapeutic 
measures fo r  th is  d isea se . Leukaemic ce lls  replace l iv e r  c e lls  keep 
the stroma open, h u t when they in  tu rn  are destroyed the stroma collapses 
and c ir rh o s is  develops (Hutter e t a l . ,  i 960) .
E p i th e l ia l  basement membrane d iffe rs  s tru c tu ra lly  from re t ic u lin  
has no t been regarded as a collagen precursor. Consequently i f  i t  be 
shown th a t  co llagen f ib re s  appear in  the liv e r  as a re su lt  of stromal 
condensation, th i s  stroma should not have the s tru c tu ra l c h a ra c te r is tic s  
of basement membrane. Recent re su lts  obtained by electron  microsoppio 
examination of the l iv e r  suggest th a t th is  is  so . Ruettner et, a l .  (1956) 
fa i le d  to  recognize a continuous membrane separating sinusoidal from 
hepatic  parenchymal c e lls  in  the r a t .  According to Popper e t a l .  ( i 960) 
there i s  no basement membrane but scatte red  re tic u lin  f ib re s  having the 
same a x ia l  p e r io d ic ity  as collagen. As they are usually cut tran sv erse ly , 
they may be seen as iso la ted  argyrophil points in  u ltra - th in  sections 
studied by the l ig h t  microscope, but appear as continuous membranes in  
th ick er sec tio n s  (Popper e t  a l . ,  1958)* These fine re tic u la r  f ib re s  
contain mucopolysaccharide and are periodic acid-Schiff p o s itiv e . I t  
seems reasonable th a t  aggregates could form collagen f ib re s .
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(d) ^ S 9. 18 condensation of hepatio stroma following ruptirre «i«i 
collapse of fa t  c y s ts . Hartroft and Sellers (1952) described these
cysts  and th e ir  ru p tu re  in  the liv e rs  of ch o lin e-d efic ien t r a t s  i t  was 
la te r  suggested th a t a sim ilar phenomenon is  a fac to r in  Humayt c ir rh o s is  
(H a rtro f t ,  1953)® Hepatic f ib ro s is  is  the re su lt of strom al condensa­
tio n ; e x t r a -c e l lu la r  f a t  is  apparently inactive  in th is  respect (G all, 
I960). While th is  may be important in the pathogenesis of f a t ty  
c ir rh o s is  i t  i s  inapplicab le  to carbon te trach lo rid e  c ir rh o s is , in  which 
f a t ty  change does not proceed to cyst formation.
(e )  There i s  aggregation of ductular basement membrane igadinfi tn  
p e rid u c tu la r  f ib r o s i s . Electron microscopic studies have shown th a t the 
small in tra -h e p a tic  b i l ia ry  ductules or c'nolangioles, unlike hepatic 
s in u so id s , have a continuous lin in g  of basement membrane (Popper e t a l . .  
I960). These authors have found th a t ductular p ro life ra tio n  and an 
asso cia ted  p e rid u c tu la r  f ib ro s is  can be induced read ily  in r a ts  by feeding 
ethionine over a  period of weeks. In  addition they have found the same 
phenomenon in  various examples of human c irrhosis  including post-necro tic  
cases and those due to haemochrorcatosis and cho lang io -hepatitis . In  
these cond itions the p ro life ra tin g  ductular c e lls  are small and oval and 
may be m istaken fo r mesenchymal c e l l s .  However, they can be d istin g u ish ­
ed re a d ily  by e lec tro n  microscopy and there are no tra n s itio n a l farms 
between them and hepatic parenchymal c e lls  (Schaffner & Popper, 1961).
They form tin y  channels each with a d is t in c t  basement membrane. This
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spreads fo r  a  sh o rt d istance over the surface of l iv e r  parenchymal c e l ls  
where b i l i a r y  c a n a lic u li  pass in to  the ductu les. In  d uctu lar p ro l i f e r a ­
tio n  the basement membrane a lso  increases in  amount and young collagen 
f ib re s  a re  seen in  a sso c ia tio n  with i t .  Whether these do in  fa c t a r is e  
out of th is  membranous p ro life ra tio n  and condensation i s  s t i l l  u n ce rta in . 
Mesenchymal c e lls  are  numerous in  areas of p erid u c tu la r f ib ro s is  but do 
not include recognizable f ib ro b la s ts .
In  ad d itio n  to  these possib le  causes of f ib ro s is ,  fac to rs  may e x is t  
of which nothing is  known a t  p resen t. There is  much in  the pathogenesis 
of human c ir rh o s is  which is  unexplained, e .g . ,  the fac to rs  which determine 
i t s  development in  a m inority of c l in ic a l ly  mild cases of v i r a l  h e p a t i t is ;  
the num erous cryptogenic cases (Weissbein & S co tt, i 9 6 0 ) ;  the absence of 
such a  com plication in  yellow fever and lep to sp iro sis ; the minimal s c a rr­
ing of healed amoebic abscess o f l iv e r  (Paul, i 9 6 0 ) ,  while o ther fo ca l 
lesio n s  such as gumma cause gross scarring . The mechanism by which 
connective tis su e  can disappear from a c ir rh o tic  l iv e r  is  a lso  obsoure 
although th is  undoubtedly occurs, esp ec ia lly  in  n u tr i t io n a l c ir rh o s is  both 
in  man and experim ental animals (Patek j*t a l . ,  i 9 6 0 ) .
A b r ie f  review of the s tru c tu re  and chemical composition of the 
components concerned in  the pathogenesis of c irrh o s is  is  given before 
d iscussion  of my experimental re su lts  in  re la tio n  to  these th eo rie s .
(a) Adult or mature co llagen, as obtained from tendo A ch ille s , 
co n s is ts  of non-branching fib re s  with l i t t l e  or no arg y ro p h ilia ,
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metachromasia or p o s itiv e  P»A#S• s ta in in g . The bound carbohydrate 
recoverab le  from the tis su e  i s  q u a lita tiv e ly  sim ilar to th a t of normal 
basement membrane, bu t r e la t iv e ly  scanty (Glegg e t a l . ,  1953). Pure 
co llagen  obtained by p re c ip ita tio n  from collagen so lu tions may contain  no 
carbohydrates a t  a l l  (Moss, 1955); nevertheless, the ad d itio n  of small 
amounts of mucopolysaccharide to such so lu tions is one way of obtain ing  
p re c ip i ta te s  (Gross e t  a l . ,  1952). Scanty mucopolysaccharide in  ad u lt 
co llagen  is  probably present in  the matrix between f ib r i l s  and is  no t an 
in te g ra l  p a r t of the collagen molecule. I t s  sparseness would account fo r  
the negative s ta in in g  p roperties  described above and fo r the apparent 
absence of a n tig e n ic ity .
(b) R e tic u la r  f ib re s  are found c h a ra c te r is tic a lly  in  embryonic skin
and in  g ran u la tio n  t is s u e .  They have many of the p roperties  of co llagen ,
.  o
co n s is tin g  of f i b r i l s  with the same 640 A a x ia l p e r io d ic ity , but are  
considerably  th in n er (Gross, 1950&> £ )• Mature collagen is  l ik e ly  to be 
formed by aggregations of these but,unlike mature collagen, they l i e  in  
and a re  coated with an amorphous glycoprotein matrix which imparts the 
p o s itiv e  argyroph.il property and P.A.S. s ta in in g  to the f ib re s . Much, 
but not a l l ,  of th is  m atrix can be removed by washing with water (G ross, 
1950b). I t  i s  apparent th a t young collagen also  contains some glyco­
p ro te in  which g radually  disappears with aging.
(c) in te r c e l lu la r  ground substance. This is  r ic h  in  sulphated acid  
mucopolysaccharides, p a r tic u la r ly  certa in  chondroitin su lphates, and in  
hyaluronic a c id . The l a t t e r  may be scanty Or absent from granulation
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t i s s u e  in  which metachrcmasia is  unaffected by strep tococcal hyaluronidase 
(Bunting & W hite, 1950). Recent work by Jackson e t a l .  ( i 960) has thrown 
some doubt on the importance of sulphated compounds in  the production of 
young connective tis su e  f ib re s ;  chemical stud ies of g ranulation  tis su e  
have shown th a t  these compounds do not appear u n t i l  the n in th  day a f te r  
wounding when new co llagen  is  w ell-estab lished . In te rc e llu la r  poly­
saccharide p resen t during the e a r l ie r  stages of healing is  thought to be 
derived from serum mucoprotein and not from the a c tiv ity  of lo c a l mesen­
chymal c e l l s .  In  the present work autoradiography showed an e a r l ie r  
uptake of su lphur in  the catgut le s io n s , and in  the laparotomy wounds.
(d) Basement membranes are s im ila r to re t ic u la r  fib res  in  so fa r  as 
they  a re  demonstrable by s ilv e r  impregnation techniques and are  P.A.S. - 
p o s itiv e  ( L i t t l e  & Kramer, 1952). However, they consist of branching
f ib re s  w ith no ax ia l p e r io d ic ity . The poor a f f in i ty  of the m ateria l far
perosmic ac id  renders i t  f a i r ly  homogeneous on e lectron  microscopic 
exam ination. The c e n tra l axis is  somewhat denser than the margins and 
t in y  tran sv erse  pores are sometimes described. According to  Robb-Smith
(1957), i t  i s  no t a collagen precursor. While r e t ic u la r  f ib re s  on th e ir  
precursors a re  probably products of f ib ro b la s ts , the orig in  of basement 
membrane is  u n ce rta in . Gersch e t a l . (1950) thought th a t i t  i s  merely a 
condensation of in te rc e l lu la r  ground substance, but the oonstant r e la t io n ­
ship  to  epithelium  or endothelium a t  ce rta in  s i te s  suggests th a t i t  i s  a 
more in tim ate  product of c e l l  a c t iv i ty .
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Two groups of connective tissu e  mucopolysaccharides a re  described* 
"ac id ” and " n e u t r a l T h e  former include sulphated compounds found in  a 
v a r ie ty  of normal tis su e s  and in  the in te rc e l lu la r  ground substance of 
g ranu la tion  tissue*  A number of these compounds are  known and have been 
te s te d  by Meyer and Eapport (1951) and more recen tly  by Dorfman (1958). 
They include ohondroitin sulphate A, B and C, kerato-sulphate* heparin and 
heparin  monosulphate* (The acid  mucopolysaccharides* hyaluronic acid  and 
ohondro itin , a re  not sulphated)* Those found in  in te rc e l lu la r  ground 
substance and most lik e ly  to  be p resen t in  the hepatic  lesions are 
ohondroitin  sulphates A and C* Scanty foc i o f in tense sulphate uptake 
in  the young connective tis su e  round the implanted catgu t probably 
represen ted  heparin in  mast c e l ls ;  as already no ted , mast o e lls  were not 
seen in  the c ir rh o tic  le s io n s .
These acid  mucopolysaccharides consis t of repeating  d isaccharide 
u n its*  each w ith an ace ty la ted  hexosamine and a uronic acid* The presence 
of a  free  carboxyl or sulphate group on each repeating  u n it confers a 
h ighly  negative change to the m ate ria l which may account fo r i t s  p o s itiv e  
metachromatic s ta in in g , and fo r po sitiv e  re su lts  obtained by the Hale and 
A lcian blue techniques. While a l l  acid  mucopolysaccharides can be shown 
in  tis su e  sec tio n  by these methods, the metachromatic reac tio n  is  probably 
b e s t fa r  the demonstration of the sulphated compounds (Curran, I960)*
The exact s ig n ifican ce  of positive  s ta in in g  is  s t i l l  uncertain* however* 
and is  d iscussed by Pearse ( i 960) .  Conversely, negative re s u l ts  by any 
method do not n ecessa rily  imply th a t small amounts of acid
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mucopolysaccharides are  not p re sen t.
Mature co llagen  contains l i t t l e  or no sulphated m ate ria l (Gross* 
1950a)* N either does normal basement membrane so f a r  as i t  is  possib le  
to  d e te c t  w ith in  the lim its  of autoradiography* and the absence of meta— 
chromasia would tend to  confirm th i s .  No sulphated m ate ria l was 
recovered from ren a l basement membrane by Windrum e t a l*  (1955). Never­
th e le s s ,  the presence of some form of ac id ic  mucopolysaccharide in  
glomerular walls is  l ik e ly  as they s ta in  well by Hale’s c o llo id a l iron  
technique. Curran (1957) has reported uptake of S ^ -su lp h a te  by 
en d o th e lia l c e lls  l in in g  vascular channels* bu t I  have never been con­
vinced of th is  in  l iv e r  sinusoidal c e lls  or in  adjacent r e t ic u l in .
Windrum (1958) described in  granulation tis su e  a second p ro te in - 
bound polysaccharide which is  not sulphated, but which can be rendered 
metachromatic by an applied  sulphation technique. Conversely* m ethylation 
w il l  reverse  th is  metachromasia by inducing de-sulphation (Spicer & Meyer* 
I960). The substance in  question i s  noted p a r tic u la r ly  on the surface 
of r e t ic u la r  f ib re s  and is  P .A .S .-positive; i t  i s  apparently  a so -ca lled  
"n eu tra l” polysaccharide or g lycoprotein . The sulphation metachromasia 
technique of Windrum shows th a t i t  too may be elaborated by f ib ro b la s ts  
a.nd th a t  i t  i s  scanty or absent in  mature collagen.
The period ic  ac id -S ch iff technique gives po sitiv e  s ta in in g  of t is su e s  
which con tain  "neu tra l"  mucopolysaccharides. The reac tio n  as described 
by Mrftfarmg ( 1948) depends on the formation of aldehyde from 1-2 g lycol 
groups by period ic  acid  (Leblond* 1958)* Accordingly, carbohydrate—
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conta in ing  compounds such as mucopolysaccharides w il l  s ta in  by th is  
method; ohondroitin  sulphate and hyaluronic ac id , however* do not do so* 
being r e s i s ta n t ,  apparently* to the ac tion  of period ic  acid*
Windrum e t  a l * (1955) undertook an extensive in v estig a tio n  in to  the 
chem istry of " re tic u lin " ;  th is  was obtained from the m id -co rtica l tis su e  
of normal young adu lt kidneys and would consist mostly of basement membrane 
from glom eruli and tubules* but some collagen* p a r tic u la r ly  from small 
v e sse l walls* might have been present* This composite m ate ria l was 
claimed to  be a lipo-protein-carbohydrate complex consis ting  of f a t ty  
ac ids (mainly m yristic)*  17 amino- and imino-acids* glactose* mannose* 
fucose and a tra ce  of hexosamine* but no uronic acid  or sulphated m aterial*  
I  have obtained the same simple sugars with the add ition  of glucose from 
the cation-exchange re s in  hydrolysis of iso la ted  human glom eruli (P a trick  
e t  a l« * 1961)* Glegg e t  al* (1953) a lso  recovered sim ilar sugars from 
" re t ic u l in "  of lymph nodes* perirenal fa t*  te s te s  and lung; ribose was 
a ls o  iso la te d , bu t may have been derived from incompletely d igested 
n u c le ic  acid*
Amino-acid d ifferences between collagen and renal " re tic u lin "  are  
described* e*g** by Eastoe (1955)* These may be due to  the presence of 
s c le ro —p ro te in  in  add ition  to  glycoprotein in  one but not the other* The 
carbohydrate p o rtion  is  constant but can vary from species to  species 
throughout the animal kingdom (Gross e t  al** 1958)* This could explain 
species an tig en ic  sp ec ific ity *  although a few c lose ly  re la ted  species do 
share a  common basement membrane antigen* eog®* mouse and ra t*
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According to  B a ira ti (1958)* lymph node r e t ic u l in  i s  s im ila r  to  p re­
collagenous r e t ic u la r  f ib re s  while the stroma of red  sp lenic pulp i s  
basement membrane* these observations being based on e lec tron  microscopic 
observations and on amino-acid content. Tomlin (1953)* on the o ther 
hand* regards sp len ic  r e t ic u l in  as pre-collagenous from his e lec tro n  
microscopic observations. Jackson and Williams (1956) describe so lu b il­
i t y  d iffe ren ces  between basement membrane and r e t ic u l in .  The la t te r*  
obtained from granulation  tissu e  around carrageenin foci* behaved lik e  
collagen* and in  c i t r a te  so lu tion  contained l i t t l e  or no carbohydrate* 
C le r ic i and Pernis (1958) studied s im ilar tissu e  around s i l i c o t i c  fo c i; 
compared with mature collagen* the f ib re s  contained more hexose and hexos- 
amine*
Basement membrane has obvious s tru c tu ra l and functional d ifferences 
compared with the argentophil fib res  of granulation  t is s u e , embryonic 
connective tis su e  and* possibly* splenic and hepatic r e t ic u l in .  I t  may 
be* however* th a t  they share something in  common* v iz .*  a protein-bound 
carbohydrate or glycoprotein* the "neu tra l"  polysaccharide already re fe rre d  
to* This may contribute  la rg e ly  to the s tru c tu re  of basement membrane.
In  pre-collagenous re t ic u la r  fib res  i t  must serve some purpose * such as a 
tem plate fo r sc le ro -p ro te in  molecules* but i t  may not be an in te g ra l part 
of the f in a l  p roduct.
Cytochemical »-T>d exhaustive h is to  chemical stud ies  were no t undertaken 
in  the present in v e s tig a tio n . In so f a r  as developing connective tis su e
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stained red by van Gieson's method and in  a p ositive fashion with acid  
a n ilin e  dyes* i t  was regarded as collagen . Nevertheless* i t  retained  
i t s  a f f in ity  for s ilv e r  impregnation and was usually P .A .S .-positive* even 
in  cases of w ell-estab lished  carbon tetrachloride cirrhosis with nodular 
hyperplasia* S ligh t metachromasia was detected in  some cases. Both 
H ale's co llo id a l iron technique and the Alcian blue techniques for acid 
mucopolysaccharides were only fa in tly  p o sitiv e . A ll these findings are 
sim ilar to those reported by Balasubrahmanyan (1953) i n  his study of the 
same lesion  in  r a ts . He noted that P. A .S . staining became negative with 
aging of the collagen or a fter  treatment of sections with hyaluronidase.
I t  is  obvious that the carbon tetrachloride induced cirrh otic  lesions  
contain le ss  acid mucopolysaccharides than the new connective tissu e  
around implanted catgut and th is  could be attributed to a passive process 
of condensation of basement membrane or liv er  reticu lin*  rather than to
the recent a c t iv ity  of fib rob lasts. However* from the autoradiographic
35studies following administration of S -labelled  sodium sulphate* there 
is  no doubt that a recently synthesized sulphated compound is  present at 
the s it e s  o f fibrogenesis in c irrh osis. I t  is  now generally accepted 
that t his must be the product of the a c tiv ity  of mesenchymal ce lls*  
presumably fibroblasts* and sulphate uptake has been noted within these 
c e l ls  (Curran & Kennedy* 1954)*
I t  i s  apparent from these resu lts that the collagen in  the cirrhotic  
liv e r s  i s  immature. Possibly no animal survived long enough for maturity 
to be estab lished . The continued administration of carbon tetrachloride
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up to  or w ithin a few days of obtaining hepatio tissu e  probably maintained 
su ff ic ie n t stimulus for mesenchymal o e l l  a o tiv ity  with production of 
sulphated material*
Antigenic sp e c if ic ity  of certain bacteria* such as the various types 
of pneumococci* depends on the quality of their capsular glycoprotein and 
the same may be true of connective t is su e s . The demonstration by the 
Coons technique of antigen to basement membrane antibody in the cirrhotic  
le s io n  does not necessarily  imply that this consists of thickened or 
condensed basement membrane since* as already suggested* the same glyco­
protein may be a component of reticu lar fibres and immature collagen. In 
my experience th is technique is  not highly sen sitiv e  and i t  is  d if f ic u lt  
to interpret negative resu lts; the argyrophil fibres round the implanted 
catgut were fin er  than the fibres o f the cirrhotic lesion  and* lik e  normal 
liv er  reticu lin *  may have been beyond the lim its of se n s it iv ity  of th is  
method* The positive resu lts  with quartz granuloma antibody strengthen 
the view that basement membrane and reticu lin  share a common glycoprotein 
antigen. My resu lts confirm that excessive amounts of th is  material are 
present in the cirrhotic lesions but throw no ligh t on i t s  origin; i t  could 
be a recent product of mesenchymal c e l l  a ctiv ity  but could equally w ell be 
a normal component of condensed hepatic reticu lin  or ductular basement 
membrane•
Humoral factors a ffecting  wound healing seem to act on mesenchymal 
c e l l s ,  particularly fib rob lasts . These c e lls  can be stimulated by 
so-ca lled  "trephones" or "wound hormones"* which appear to be enzymes
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l ib e ra te d  by leucocytes (Davidson* 1943)o Cortisone seems to  have the
opposite e f fe c t on these c e lls  although there may a lso  be a d ire c t  e f fe c t  
on mature collagen as shown by the prolonged ap p lica tio n  of the hormone 
d ire c t ly  to  the sk in  (Castor & Baker* 1 9 5 0 ) .  This d ire c t  e f fe c t may 
have been responsib le  fo r the temporary reduction  in  sev e rity  of 
e s ta b lish ed  hepatic  f ib ro s is  obtained with cortisone* but l i t t l e  is  known 
a t  p resen t on the process of f ib o ly s is  which can occur n a tu ra lly  in  
c i r rh o s is .
The f a i lu re  to demonstrate any important influence of cortisone or 
ACTH on the development of c ir rh o s is  might be taken to ind ica te  the 
absence of fib rogenesis  dependent on f ib ro b la s tic  a c t iv i ty .  These 
hormones c le a r ly  in h ib i t  the mesenchymal response to  a s ing le  large dose 
of carbon te tra c h lo rid e  with delay in  absorption of n ecro tic  tissue*  but 
healing  w il l  occur eventually  desp ite  continued adm inistration  of e i th e r  
hormone (Patrick* 1955)* In  developing carbon te tra c h lo rid e  c ir rh o s is  
sm aller doses of the tox in  are employed end a re fra c to ry  s ta te  may develop 
w ith the continued adm in istra tion  of hormone.
I t  is  notable th a t while s im ila r doses of these hormones in h ib i t  the 
early  c e l lu la r  response to in ju ry  round implanted catgut and in  laparotomy 
wounds* some scar t is su e  does develop with l i t t l e  delay compared to  non­
hormone tre a te d  anim als. This delaying but impermanent e f fe c t  on wound 
healing is  rem iniscent of th a t produced by a p ro te in -d e f ic ie n t d ie t 
(Clark* 1919)* p a r tic u la r ly  d ie ts  d e fic ie n t in  sulphur-containing 
amino-acids (Williamson e t  a l .*  1951)* CJngar (1953) noted delayed
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absorp tion  of ca tgu t implanted in  r a t  l iv e r  when the animals were fed a
r
low—protein*  h ig h -fa t d ie t ;  th is  was not due* apparently* to  the presence 
of f a t ty  l iv e r  or choline defic iency . These findings lend support to 
th e  view th a t  co rtisone  may ac t through accelerated  p ro te in  catabolism* 
Pearse e t  a l*  ( i 960) describe two stages in  wound healing* viz** an 
e a r ly  c e l lu la r  response and a la te r  stage of collagen f ib re  production* 
T estosterone stim ulates the f i r s t  and in h ib its  the second* whereas 
co rtiso n e  in h ib its  the f i r s t  but does not influence the second* The 
te n s i le  s tre n g th  of healing wounds (an index of the second stage) i s  
a c tu a lly  enhanced s lig h tly  by giving cortisone to wounded ra ts  with 
p ro te in  depletion*
Gross (1958) has pointed out th a t su b stan tia l amounts of g ranulation  
t is s u e  a re  unnecessary fo r wound, healing; experimental wounds hea l s a t i s ­
f a c to r i ly  i f  th e ir  g ranulation  tissu e  is  removed repeatedly* provided 
th e i r  edges are undamaged* C irrhosis appears to be a condition in  which 
sc a rr in g  can develop insiduously without any marled a c tiv ity  of connective 
t is s u e  c e l l s ;  th e re  is  no reason to  suspect th a t cortisone would have much 
in fluence on such a process*
Of the th re e  inv estig a tio n s  described* i t  is  considered th a t  most 
inform ation on the development of c ir rh o s is  was derived from the study on 
the uptake o f lab e lled  sulphur* since the re s u l t  was taken to  in d ica te  
c e l lu la r  a c t iv i ty  for the production of a substance known to  be concerned 
in  healing* The re s u lts  of the other experiments would* on f i r s t  
consideration* support the hypothesis of the more passive process of
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r e t ic u l in  or basement membrane condensation* bu t arguments have been 
advanced to  show th a t they may no t in  fa c t  be incompatible witii the o ther 
theory* The problem of the exact re la tio n sh ip  between su lphate- 
u t i l iz in g  c e l ls  and production of new collagen f ib re s  in  c ir rh o s is  
remains and w il l  probably requ ire  e lec tro n  microscopy fo r  i t s  elucidation* 
I t  is  my in te n tio n  to  make use of recen tly  acquired equipment fo r a study 
of the le s io n  induced by carbon te trach lo rid e*  The a p p lic a tio n  of 
methods I  have employed fo r the analysis  of the carbohydrate component 
of normal and d iab e tic  glomerular basement membrane glycoprotein  may a lso  
y ie ld  inform ation of in te re s t  when applied  to  the newly-formed hepatic 
fib rous t is s u e  •
SUMMARY
1* C irrhosis of l iv e r  was induced in  mice by feeding carbon t e t r a ­
ch lo ride  twice weekly fo r periods of up to  one year* The progress of the 
d isease  in  ind iv idual animals was followed by repeated l iv e r  biopsy*
2* A second fo ca l type of scarring  was induced in  some of these livers*  
and a lso  in  the liv e rs  of otherwise healthy mice, by the im plantation of 
f in e  catgut* T h is , together with the laparotomy wounds, provided a  
means whereby c e r ta in  p roperties  of the fibrous tis su e  in  c ir rh o s is  could 
be compared conveniently w ith those of the new fib rous connective tissu e  
normally asso c ia ted  with wound healing*
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5* Cortisone and ACTH given d a ily  in  doses su ff ic ie n t to  depress 
c irc u la t in g  eosinophils and induce thymic atrophy, f a i le d  to  in h ib it  the 
development of c irrh o sis#  The life -sp a n  of these mice was shortened by 
hormone therapy#
4* When given a f te r  the establishm ent of c irrh o s is  and during the 
continued ad m in istra tio n  o f carbon te tra c h lo rid e , co rtisone appeared to  
in h ib i t  tem porarily  the fu rth er development of the le s io n ; in  several 
cases th e re  appeared to  be a temporary reduction  in  the amount of fib rous 
tis su e  in  the liver#  The cause of th is ,  taken with the o ther r e s u l t s ,  
i s  not apparent#
Cortisone given to  mice with es tab lished  c irrh o sis  fa ile d  to  
acce le ra te  the reg ressio n  of the lesion  following withdrawal of the l iv e r  
poison; in  f a c t ,  the opposite e f fe c t was obtained in  a few cases#
6# The same doses of cortisone and ACTH had a notable in h ib ito ry  e f fe c t  
on the mesenchymal response around in tra -h ep a tic  catgut and delayed i t s  
absorption# N evertheless, hormone therapy fa ile d  to  in h ib i t  the develop­
ment of f in e  scar tis su e  around the ca tg u t, ju s t  as i t  f a i le d  to  in h ib i t  
sca r t is s u e  formation with healing of the laparotomy wounds#
7» The syn thesis  of sulphated acid mucopolysaccharide in  the various 
lesions was studied  by autoradiography following adm in istra tion  of 
S ^ - la b e l le d  sodium sulphate# There was in tense uptake of the iso tope 
a t  the la  par o tony wound edges and aroind the implanted ca tg u t, which was 
not prevented by hormone therapy# A less  in tense but qu ite  d is t in c t
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uptake was obtained a lso  over the fib rous tis su e  in  c irrh o sis*
8* Conventional histochem ical techniques fo r  the dem onstration o f aoid 
mucopolysaccharides revealed very l i t t l e  of th is  m aterial in  the  c ir rh o tic  
le s io n  compared with the margins of the catgut lesion*
9* By the Coons fluo rescen t antibody technique i t  was found th a t the 
c ir rh o tic  fib ro u s tissu e  contained an tigen  which reacted  with an tibodies 
to  glom erular c ap illa ry  basement membrane and to  quartz granulomatous 
tissu e#  S ta in in g  of r e t ic u la r  f ib re s  around the catgu t lesio n s  was 
f a in t  and inconclusive with both conjugated an tib o d ies . R esults of 
antibody absorp tion  experiments indicated  th a t the two an tibod ies were 
probably one and the same 0
10* A comparison o f the two types of connective tis su e  has therefo re  
shown t
(a) tte-t both are  s im ila r  in  th a t they contain collagen f ib r e s ,  
the development of which i s  r e s is ta n t  to  the adm in istration  of cortisone 
and ACTH
(b) th a t the c ir rh o tic  lesion  is  re la t iv e ly  r ic h  in  m ateria l with 
an tig en ic  p ro p e r tie s , presumably a neu tra l polysaccharide. S im ilar 
m a te ria l is  p resen t normally in  glomerular basement membrane and probably 
in  o ther basement membranes and r e t ic u l in  f ib re s  throughout the  body.
(c) th a t the c ir rh o tic  lesion  is  r e la t iv e ly  poor in  a c id ic  mucopoly­
saccharides but i s  not completely lacking in  a sulphated compound of th is  
n a tu re ; th is  i s  synthesized presumably from mesenchymal c e lls  in  the 
lesion*
11* An attem pt is  made to  re la te  these re su lts  to  the pathogenesis of 
c irrh o s is*  While passive condensation o f hepatic stroma may con tribu te  
to  the development of the le s io n , i t  is  apparent th a t  there  must be sane 
mesenchymal c e l l  a c t iv i ty  which i s  usually  concerned w ith fibrogenesis#  
The exact re la tio n sh ip  of these c e lls  to  the new collagen f ib re s  in  the 
le s io n  has not been determined«
•1
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THE INFLUENCE OF CORTISONE AM) ACTH
ON EXPERIMENTAL ZONAL NECROSIS OP LIVER
Experiments designed to  study the influence of cortisone and ACTH on 
oarbon te tra c h lo r id e  c ir rh o s is  of liv e r  are described in  P art I I  o f th is  
th e s is*  During th is  work i t  was noted* especially  a t  the commencement of 
each experimenta* th a t mice which received both l iv e r  poison and hormone 
appeared mare i l l  and suffered a higher m ortality  than contro ls whioh 
received  no hormone* Moreover cortisone and ACTH frequen tly  prolonged 
the acu te  i l ln e s s  of carbon te tra ch lo rid e  in toxication* and i t  seemed 
th a t  some in h ib it io n  in  the prooess of recovery from acute l iv e r  damage 
had been induced*
These o r ig in a l impressions are confinrred by the re su lts  of the 
experiments to  be described* In  add ition  to carbon te tra ch lo rid e  o e rta in  
other hepatotoxins were used* viz** tann ic  acid* a l ly l  formate and 
phosphorus* When many of these experiments were carried  out* supplies of 
both hormones were re s tr ic te d  and i t  was advantageous to  work w ith sma l l  
animals* The mouse was* therefore* the animal of choice* Later* r a t s  
and guinea-pigs were a lso  employed* the l a t t e r  being the most su itab le  fo r
stu d ies  w ith a l l y l  formate*
In  each experiment the ex tent of l iv e r  damage and manner of recovery 
have been studied  in  animals receiv ing  one or other hormone and in  animals
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rece iv in g  no hormone* The m ajority  of experiments have been concerned 
w ith the carbon te tra c h lo rid e  le s io n  in  mice* and include dater n>^ nn 
of the minimum e ffe c tiv e  dosage of both l iv e r  poison and co rtisone  
in v e s tig a tio n  in to  the influence of various d ie ts  on the lesion*
Most of published reports on the re la tio n sh ip  of hormones to  l iv e r  
d isease  a re  concerned with the e ffe c ts  of the l a t te r  on the former) e*g** 
F urlon g e t  a l .  (1949)  have shown th a t carbon te tra ch lo rid e  c ir rh o s is  in  
guinea-pigs i s  asso c ia ted  with an increased output of oestrogen* There 
is  evidence th a t  cortisone is  quickly inactivated  by normal l iv e r  i f  given 
o ra lly  or by in tra sp le n ic  in je c tio n  (Robbins a t al** 1957)* Normal l iv e r  
is  apparen tly  ab le  to  reduoe s te ro id  hormones to  inactive  substances and 
to  a id  th e i r  ex cre tio n  through conjugation with glucuronio acid  (Cameron* 
1957&)* These functions are disturbed in  l iv e r  d isease but the s ig n i f i ­
cance of th is  in  c l in ic a l  medicine is  uncerta in ; thus* in  n u tr i t io n a l 
c irrh o s is*  c l in ic a l  fea tu res  commonly a ttr ib u te d  to  hyperoestronism nay 
re a l ly  be due to  an imbalance between oestrogens and androgens* the latter 
being reduced* not by liv e r  dysfunction* but by associated m alnu trition  
with gonadal atrophy (Cameron* 1957b; Martini* I960)* M artini gives an 
up-to -date  review on a l l  aspects of the subject*
There have been fewer reports  on investigations in to  the influenoe of 
hormones on liv e r  d isea ses . Aterman (1950) QJ^ d Cavallero e t  al*  (1951) 
claimed th a t  cortisone reduced the severity  of carbon te tra c h lo rid e  
c ir rh o s is  in  r a t s  and noted both a reduction in  inflammatory c e lls  w ith in  
the l iv e r  and some i nhib itio n  of m ito tic  a c t iv i ty  in  l iv e r  ce lls*
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Aterman and Ahmad (1953) found in  these animals an exaggeration of the 
hydropic degeneration  of l iv e r  c e lls  associated with carbon te tra c h lo rid e  
poisoning and a lso  a worsening of l iv e r  function studied by the bron- 
su lp h th a le in  ex cre tio n  te s t*  Schwarz (1951) found tha t cortisone had a  
b e n e f ic ia l  e f f e c t  on d ie ta ry  liv e r  necrosis of young ra ts*  but th is  
le s io n  i s  in  many ways d iss im ila r  to  th a t of chemically-induced zonal 
necrosis*
Sim ultaneously w ith the publication  of the re su lts  o f  some of th is  
work (P atrick*  1955)# Hoffman e t al* (1955a & k) reported s im ila r  find ings 
in  r a t s  t re a te d  w ith cortisone and carbon te trachloride*  but fa i le d  to  
note much e f fe c t  of the hormone on l iv e r  c e ll  regeneration* They 
suggested th a t  the removal of necro tic  l iv e r  tissu e  in the absenoe of 
macrophages is  due to the ao tion  of p ro teo ly tic  enzymes from the blood 
and from v iab le  l iv e r  ce lls*  They a ttr ib u te d  regeneration to  am itotio  
d iv is io n  of l iv e r  c e l ls  in  sp ite  of in h ib itio n  in  the synthesis of 
d eoxyribonucleic  acid*
Cortisone may be in e ffec tiv e  in  preventing normal regeneration  after 
p a r t ia l  hepateotomy (Canzanelli a t  a l  ** 1949) but the process i s  hastened 
in adrenalectom ized animals (Drabkin* 1950) and by somatotropic hormone 
(C ater e t  al** 1957)* With regard to  primary l iv e r  cancer, however* 
cortisone may acce le ra te  growth and adrenalectomy in h ib it  i t  (Chany &
Boy, I960)*
MATERIALS AND METHODS
Most of the  animals  were young Swiss albino nioe of both sexes 
weighing 15 to  25 g* The remainder were male Wistar albino rats* 80 to 
150 g* in  weight* and male guinea-pigs* 230 to  450 g* in weight* The 
animals in  each experiment were divided thust
Group A Animals given a sing le  sub -le tha l dose of 
l iv e r  poison plus hormone therapy*
Group B Animals given l iv e r  poison alone*
Group C Animals given cortisone or ACTH alone*
The groups comprising any one experiment were o losely  similar with 
regard  to  age* weight* sex and liv ing  conditions* Unless otherwise 
s ta te d  r a t s  and mice were fed on "Animal Diet Rowett I n s t i tu te  No* 86 
(Hat Cake)"* Guinea-pigs received "Animal Diet Rowett I n s t i tu te  No* 18N*
Carbon te tra c h lo rid e  was administered to Groups A and B by oesopha­
gea l tube* Rats received a single dose of pure liquid* 0*2 ml*/l00 g* 
body w eight; mice were given 0*1 ml*/20 g* body weight of a mixture of 
carbon te tra c h lo r id e  4 parts* liqu id  p a ra ffin  6 parts* Control (Group C) 
animals received  s im ila r quan tities  of pure liq u id  paraffin* D etails of 
a lte rn a tiv e  l iv e r  poisons are given below*
Cortisone aoeta te  (Roussel Laboratories Ltd** Batch No* 883) was 
given d a ily  by intram uscular in jec tio n  in  a dose of 2 mg*/l00 g* body 
weight/day* For mice* the accuracy of small doses was assured by 
d ilu tio n  o f the hormone suspension w ith nine times i t s  volume of iso to n ic
s a lin e  iim ed ia te ly  before use* ACTH ("Aothar Gel", Armour, Lot No*
M 22007) was given to mice only* 0*25 mg* twioe daily by intramuscular 
injection*
For a l l  animals of Group A, hormone therapy* whether cortisone or 
ACTH* commenced on the day p rio r  to the adm inistration of hepatotoxin* 
and was repeated  d a ily  u n t i l  the animals were killed* Group C an-imi^a 
received  id e n tic a l  doses while those of the control Group B were given 
d a ily  in je c tio n s  o f iso ton ic  saline*
Animals from each group were k ille d  by stunning a t  in te rv a ls  ranging 
from one hour to one week a f te r  poisoning* U ntil hormone dosage was 
estab lished*  the thymus glands were weighed and the c irc u la tin g  eosino­
p h ils  enumerated by Randolph's method from blood obtained by cu ttin g  the  
th roa t*
Thin s l ic e s  o f fre sh  liv e r  were placed in  Rossman's p ic r ic  aoid- 
a lpbhol-form alin  f ix a tiv e*  embedded in  p a ra ffin , and seotions stained by 
haematoocylin and eosin* by the periodic acid -S ch iff technique* and with 
B e s t 's  s ta in  fo r  glycogen* Cytoplasmic basophil bodies* regarded as 
re p re se n ta tiv e  of ribonucle ic  acid* were demonstrated by s ta in in g  with 
0*5% aqueous to lu id in e  blue or with d ilu ted  Giemsa's s ta in  applied  fo r 
24 hours* Other l iv e r  s lic e s  were fixed in  10u/o  formalin containing 
calcium ch lo rid e  10 g * / l i t r e  and embedded in  gelatine* Frozen sec tions 
from these blocks were stained for f a t  with Sudan IV or Sudan Black*
EXPERIMENT 1
To observe the e ffe c ts  of constant doses of co rtisone and ACTH on animals 
a t  v a riab le  in te rv a ls  a f t e r  a constant dose of carbon te tra c h lo rid e
In  a l l  420 animals were used in  th is  experiment* Members of eaoh 
group were k i l le d  a t  in te rv a ls  of 1 hour* 3 hours* 5 hours* 1 day* 2 days* 
3 days* 4 days * 5 days* 6 days and 7 days a f te r  the adm in istra tion  of 
carbon te tra c h lo rid e  (Table XXIX)• Eight Croup A mice and two Group B 
mice died prem aturely and were discarded*
R esu lts
Group B animals* with carbon te tra ch lo rid e  alone* showed general 
evidence of poisoning w ith in  24 hours* when they became l i s t l e s s *  s a t  
huddled together and had ru ff led  coats* A fter a fu rth e r  24 hours* many 
appeared to  recover and by the th ird  day the large m ajority were well 
again* Control Group C animals given cortisone or ACTH remained well* 
bu t the combination of hormone with carbon te tra c h lo rid e  re su lte d  in  pro­
longation  of the i l ln e s s  produced by the la tte r*  often  to  the f i f th *  
s ix th  or even seventh day a f te r  poisoning (Fig* 189)o
On naked-eye examination* the l iv e rs  with es tab lished  zonal necrosis 
were somewhat la rg e r and more f r ia b le  than normal* w ith exaggeration of 
the normal lo b u la r p a tte rn  which produced a c h a ra c te r is tic  d iffiise  
m ottling  (Fig* 190)* These liv e r  changes showed gradual improvement 
though they p e rs is ted  to some extent fo r  a day or two a f te r  the apparent 
c l in ic a l  recovery o f the animals* In  keeping with the  prolonged i l ln e s s
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of many Group A anim als, there  was corresponding delay in  the re so lu tio n  
o f th i s  l iv e r  lesiono  The ty p ica l appearance of mouse liv e rs  in  th is  
experiment four days a f te r  poisoning i s  shown in  Figure 191* The small 
thymus glands of the animals a f te r  d a ily  cortisone in je c tio n s  i s  in d ica ­
t iv e  of the efficacy of such hormone therapy#
An ea rly  h is to lo g ica l fea tu re  ind ica tive  o f l iv e r  c e l l  damage is  
lo ss  of cytoplasmic basophilia# This is  noted especia lly  in  swollen 
mid-zonal c e l ls  w ith in  an hour of poisoning, when the o en trilo b u la r c e l ls  
lose the normal g ranu lar appearance of th e ir  cytoplasm (Fig# 192)# This 
apparent lo ss  in  ribonucle ic  acid  becomes more obvious l a t e r  (Figs# 193 St 
194)9 but necrosis is  not seen u n t i l  24 hours a f te r  poisoning# The 
le s io n  is  ce n tr ilo b u la r  in  d is tr ib u tio n  and f a i r ly  uniform throughout the 
liv e r#  Surviving p e r ip o rta l c e l ls  are s trong ly  basophilic  (F ig . 195) .  
Many specimens a t  th is  stage show notable hydropic degeneration of a id -  
zonal c e l l s  a t  the margins of necrosis  (F ig. 196). These featu res were 
observed in  specimens from both Group A and Group B mice#
H is to lo g ica l evidence of regeneration  was generally  found in  Group B 
by the second day# Around the eosinophilic n ecro tic  t is su e  of the 
c e n tr ilo b u la r  zones are  numbers of mesenchymal c e l ls ,  presumably derived 
from c irc u la tin g  leucocytes and from undamaged sinusoidal c e lls  (Figs#
197 Si 198). Phagocytosis of the necro tic  l iv e r  parenchyma i s  w e ll-  
advanced by the th ird  day# Simultaneously, v iab le  l iv e r  parenchymal 
c e lls  show signs of regenera tion ; many are swollen and m ultinucleated , 
and m ito tic  figu res a re  frequently  seen (F ig . 199)• 0*1 the  fourth  day
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a f t e r  poisoning, most or a l l  o f the neorotio  l iv e r  has been rep laced  by 
regenera ted  parenchyma (Fig# 200)#
By c o n tra s t,  such ind ications of re p a ir  were g re a tly  minimised 
often  absent in  ani ma ls  of Group A. Microscopic flYflmTnftt/f nr\ oommonly 
rev ea ls  r e la t iv e ly  a c e llu la r  areas of eosinophilic  necrosis around the 
c e n tra l  v e in s , while the apparently undamaged l iv e r  parenchyma shows no 
p ro life ra t iv e  a c t iv i ty  (F igs. 201 & 202). Excessive cytoplasmic l ip id  
and glycogen are  noted in  the p e rip o rta l ce lls  which thus p resen t a 
vacuolated appearance in  H. and E. sec tio n s . This i s  a known e ffe o t of 
co rtiso n e  and ACTH alone and was commonly found in  Group C animals a lso  
(F ig . 203).
The fe a tu re s  of delayed recovery ju s t  described were not unoommon 
in  the liv e rs  of Group A animals k il le d  as la te  as the fourth  and f i f t h  
days a f te r  poisoning (F igs. 204 & 205). Thereafter the microscopic 
evidence of recovery in  th is  group, though s im ila r in  p a tte rn  to  th a t  of 
Group B, never obtained comparable in ten sity #  M itotic figu res were less  
numerous, phagocytic a c t iv i ty  was le ss  prominent and the whole process 
appeared depressed# N evertheless, 'by the seventh day, despite  the 
continuation  of hormone therapy, necro tic  tissu e  had disappeared from the 
c e n tr ilo b u la r  zone and recovery was well established#
For the purpose of recording r e s u l t s ,  an a rb itra ry  estim ate was made 
of the amount of eosinophilic  necro tic  tissu e  w ithin the average lobule* 
Sections from a t  le a s t two, and in  many cases th re e , blocks of each l iv e r  
were examined and the extent of necrosis recorded as a percentage of the
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to ta l  lo b u le , to  th e  n earest 10 per oent. Various examples are  i l l u s ­
tra te d  (Figs* 206 to  209)*
The re s u lts  o f Experiment 1 are shown on Figure 210, in  which eaoh 
symbol rep resen ts  the findings obtained from a sing le  anim al, p lo tte d  
according to  the degree of necro sis  and to  the time a f te r  carbon t e t r a ­
ch lo ride  adm inistration* C learly  there i s  an asso c ia tio n  between 
hormone therapy and the duration  of l iv e r  damage * Accentuation of th is  
damage is  a lso  apparent in  many members of Group A, compared with Group B* 
Group C animals are  excluded since none showed evidence of l iv e r  neorosis*
EXPERIMENT 2
To observe the influence of variab le  doses of cortisone on mioa 
from carbon te tra c h lo rid e  poisoning
In  th is  experiment, the amount of cortisone given to  the animals of 
Groups A and C v a ried ; the doses received d a ily  fo r four dayB by the 
twelve mioe of each group were 0*05,  0 .10, 0*20, 0*30 , 0 *40 ,  0*60, 0*80, 
1*00, 1*50, 2*00, 3*00 and 5*00 mg. The twelve animals o f Group A plus 
twelve of Group B received 0.1 ml. carbon te tra ch lo rid e  40i<> in  l iq u id  
p a ra ff in  on the second day of the experiment. A ll 36 mice were k il le d  
on the fo u rth  day, i . e . ,  two days a f te r  the adm inistration  o f l iv e r  
poison .
R esults
In  Experiment 2 only those animals which received le ss  than 0.2 mg.
co rtiso n e  d a ily  fa i le d  to  show the adverse e ffe c t an l iv e r  damage which 
has been described  above* On the other hand, the d e le terious influenoe 
of co rtiso n e  did no t inorease with increased dosage* Likewise, tlymio 
atrophy and eosinopenia, two well-known e ffe c ts  of o o rtiso n e , were notable 
in  a l l  but one an ima l  which received a t  le a s t  0*2 mg* cortisone daily* 
D eta ils  of thymus weights and eosinophil counts a re  shown in  
Table XXX*
EXPERIMENT 3
To observe the influence of constant doses of cortisone op mice given 
v a riab le  doses of oarbon te trach lo rid e
As in  Experiment 2, each group consisted of twelve mice* Those 
forming Groups A and C each received 0*4 mg* cortisone aoeta te  da ily  f a r  
f iv e  days* The amount of carbon te tra ch lo rid e  given as a s in g le  dose 
v aried  between ind iv idual members of Group A as follows! 0*01, 0*02, 0*03# 
0 *04 , 0*05, 0*75, 0*10, 0 .20, 0.30, 0 *50, 0.75, 1«00 ml. pure liquid*
The s m l le r  amounts were su itab ly  d ilu ted  with liq u id  p a ra ff in . Group B 
g-rrima.1 a were tre a te d  in  a s im ilar way. The la rg e r  doses of l iv e r  poison 
proved quickly f a ta l .  The remaining mice along with those comprising 
Group C were k i l le d  on the fourth  day of the experiment, i . e . ,  two days 
a f te r  the adm in istra tion  of carbon te trach loride*
R esu lts
of Group B which received 0*03 ml. carbon te tra ch lo rid e  or 
more, developed obvious liv e r  necrosis* In the case of Group A anim als,
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however, a l l  su ffe red  a  su b s tan tia l degree of l iv e r  damage; even 0*01 ml* 
produced 70 per cen t necrosis*  Doses o f carbon te tra ch lo rid e  as high as 
0*2 ml* or more were generally  f a ta l  to  mice of both Group A and Group B 
in  a  r e la t iv e ly  sh o rt time*
Carbon te tra c h lo rid e  is  known to  increase liv e r  weight due to  oedema* 
Accumulation of w ater, glycogen and f a t  w ithin  the l iv e r  may follow  the 
ad m in istra tio n  o f cortisone* Group A animals (CCl^ + co rtisone) as 
would be expected, had a l iv e r  weight somewhat greater than th a t of the  
animals which received  e ith er substance alone* The liv e rs  were weighed 
from a l l  animals of Experiments 2 and 3 and from c e r ta in  mice of 
Experiment 1* The average wet liv e r  weight in  56 animals of Group A was 
7*6 per cent t o t a l  body weight* The corresponding figu re  fa r  Group B 
(57 anim als) was 6*0 per cent and for Group C (46 animals) 6*8 per cent*
D eta ils  of th is  experiment are included in  Table XXXI*
EXPERIMENT 4
To observe the •influence of cortisone and various d ie ts  on carbon 
te tra c h lo r id e  poisoning in  mice
In  o ther experim ents, food intake was not measured, but i t  was not 
notably impaired by hormone therapy* Because the dele terious e ffe o t of 
co rtisone may have been re la ted  to i t s  ac tio n  on p ro te in  metabolism, i t  
was decided to  repeat the work with th is  hormone and carbon te tra c h lo rid e  
on mice rece iv in g  e ith e r  ( i)  high protein  d ie t or ( i i )  low p ro te in —low f a t  
d ie t  or ( i i i )  water only* The composition of d ie ts  ( i )  and ( i i )  was as 
follows 3
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High P ro te in  Low P ro te in
Diet Met
Casein (fat and vitamin free)* (B.D.H*) 300 g. 50 g*
Lard 50 g. 50 g*
Sucrose 597 g. 847 g.
1-Cystine 5 8* 5 g«
♦Salt Mixture 40 g* 40 g«
♦♦Vitamin Powder 8 g* 8 g*
♦♦“Fat-soluble Vitamins 0*4 ml* 0*4 ml*
♦S alt M ixture i
♦♦Vitamin Powder s
Sodium chloride 4*35%
Magnesium sulphate 13•70fi
di-Sodium hydrogen orthophosphate 8 *72^  
Potassium phosphate-trihasio  23*98?&
Calcium phosphate-mono acid  13#58?&
F erric  c i t r a te  2*975^
Calcium la o ta te  32*70^
Aneurine hydrochloride 0*3125 g*
Riboflavine 0*5000 g*
Pyridoxin hydrochloride 0*3125 g«
Calcium pantothenate 1*2500 g*
N icotinic ac id  1*2500 g*
Menaphthone 0*3125 g*
Sucrose 996*0625 g*
500.000 I*U*
100.000 I*U*
♦♦♦Fat-soluble Vitamins : Vitamin A palm itate
C alc ifero l (Vitamin D2) 
dl-a-Toeopherol ace ta te  (0*95 g*/ml*) 4 ml*
Arachis o i l  3
The dry components were mixed ca re fu lly  with a large mortar and 
p es tle*  The la rd  was melted by heat and the fa t-so lu b le  vitam ins added* 
The powder and melted f a t  were then thoroughly mixed in  a Waring blender* 
500 gram amounts o f each d ie t were prepared a t  one time and sto red  in  a
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r e f r ig e ra to r  before u se .
Mice were fed suoh d ie ts  exclusively  with water ad l ib  fo r  10 to  14 
days befo re  the commencement of the experiment whioh was otherwise s im ila r  
to  Experiment 1* Pood was withdrawn from the ’'water only" group ( i i i )
18 hours before the adm inistration  of carbon te tra c h lo rid e ; these animals 
were s ta rv e d  u n t i l  the end of the experiment#
The numbers of animals employed are shown in  Table XXXII#
R esults
These a lso  are s e t  out in  Table XXXII# I t  is  considered th&ts
(a) the d e le te rio u s  influence of cortisone is  unaffeoted by both  
high and low p ro te in  d ie ts ;
(b) s ta rv a tio n  ty  i t s e l f  has a d e le terious in fluence, a l l  animals 
in  th is  group being dead w ith in  four days of poisoning with extensive 
l iv e r  necrosis  and no evidence of repair# The death r a te  of the o o rtisan s- 
t re a te d  sub-group was notably high during the early  stages of th is  
experiment •
No Group C ( i ) ,  ( i i )  and ( i i i )  animal had evidence of l iv e r  necrosis# 
N evertheless, the four Group C ( i i i )  animals died by the end o f the  fo u rth  
day of s ta rv a tio n #
EXPERIMENT 5
To observe the ^r|~f*luence of cortisone on animals su ffe r in g  from tannio  
acid poisoning
The plan was similar to that of Experiment 1 with tannic acid
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s u b s titu te d  fo r  carbon te tra c h lo rid e . Aqueous so lu tions of tannio aoid 
(B#D*H#) were given by intram uscular in jec tio n  in  doses o f approximately 
100 mg./kilogram body w eight. Mice received a sing le  in je o tio n  of 0.2 
m l. 1$ tann ic  ac id  so lu tio n , and r a ts  0.1 ml# 10$ tannio aoid so lu tio n . 
Group C ani ma ls  received intram uscular in jeotions of iso ton ic  s a lin e .
ACTH was not used in  th is  investigation# Cortisone was given to Group A 
and Group C animals as in  Experiment 10 Animals from each group were 
k i l le d  1 day, 2 days, 3 days, 4 days, 5 days and 7 days a f te r  the 
ad m in istra tio n  of tannic a c id . The numbers employed are shown in  
Table XXXIII.
R esu lts
Figure 211 gives the re su lts  of th is  experiment. Four mioe of Group 
A and one of Group B died prematurely on the second day a f te r  poisoning. 
There were no f a t a l i t i e s  among the r a t s .
Owing to  the ra th er more v a riab le , and often more prolonged, e ffeo t 
of tann ic  a c id  on the l iv e r  and because of the sm aller number of animals 
u sed , these re s u l ts  are not so conclusive as those of Experiment 1. 
N evertheless,  they suggest a sim ilar delaying e ffeo t of cortisone on the 
re so lu tio n  of the  liv e r  lesiono Examples of th is  lesio n  on the th ird  day 
a f t e r  poisoning are  i l lu s tr a te d  (F igs. 212 & 213).
Figure 214 summarizes in  graph form the re su lts  of Experiments 1 and 
5 in  both of which the l iv e r  lesion  was a cen trilo b u la r zonal neo ro sis .
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EXPERIMENT 6
To observe the in fluence of cortisone on a l ly l  formate p o iso n -^  in  
guinea-p igs
A lly l  formate (B«D*H«) was d ilu ted  twenty times w ith iso ton ic  i 
and adm inistered in  a single dose by intramuscular in jection*
This substance is  highly toxic to  adu lt r a t s ,  even in  a dosage of 
0 .1  ml* o f the  d ilu te d  m aterial* Most animals died w ithin 24 hours of 
i t s  ad m in istra tio n  with l i t t l e  evidence of l iv e r  damage apart from 
d ep le tio n  of glycogen and basophilic cytoplasmic granules* One r a t ,  
a lso  rece iv in g  co rtiso n e , had recognizable p erip o rta l necrosis of l iv e r  
(F ig . 215).
The guinea-pig proved to  be a more su itab le  anim al, being more 
r e s i s ta n t  to  the general toxic e ffec t of a l l y l  form ate, but showing mare 
l iv e r  damage* As in  previous experiments, cortisone was given daily 
throughout the experiment, commencing on the day before adm in istra tion  of 
l iv e r  poison* Group A and Group B each consisted of eighteen animals} 
seven Group C animals showed no i l l  e ffec ts  from cortisone alone, and are  
no t considered fu rther*
R esults
Group B animals became i l l  w ithin a few hours of adm in istra tion  o f 
a l l y l  formate* The response was v ariab le , some being only m ildly upset 
while o thers died w ith in  24 hours* Of those less  severely a ffe c te d , 
recovery was evident a f te r  the second day and complete by the fo u rth  day*
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Glycogen disappears from the p e rip o rta l po rtion  of each l iv e r  lobule 
w ith in  th ree  hours of poisoning (Figs* 216 & 217) and soon a f te r  these 
c e l ls  become swollen* P e rip o rta l zonal necrosis is  evident in  24 hours} 
p e rip h era l l iv e r  c e l l  p la te s  are disorganized and ind iv idual l iv e r  c e lls  
have a  s tr ik in g ly  eosinophilic  cytoplasm and pyknotic nuclei* Kupffer 
c e l l s  are  prominent and there  may be some neu trophil polymorph i n f i l ­
t r a t io n  (Figs# 218 to  220)* Such changes were associa ted  with an 
exaggeration of the normal lobular p a tte rn  of the l iv e r  as seen on naked- 
eye examination*
Although e s se n tia lly  a zonal type of n ec ro sis , more massively 
n e c ro tic  areas may be found where sev era l adjacent lobules a re  completely 
destroyed (Fig* 221)* In  some cases p erip o rta l oedema and haemorrhage 
a re  ad d itio n a l fe a tu re s , being rem iniscent of the human l iv e r  in  f a ta l  
eclampsia (Fig* 222)*
By the second day macrophages and polymorphs are  now prominent and 
th e re  is  evidence of rep a ir  (Figs* 223 & 224). Glycogen may re tu rn  f i r s t  
to  the rim o f v iab le  c e lls  which are marginal w ith the n ecro tic  zones 
(Fig* 225)# Repair proceeds rap id ly  and each lobule is  usually  
regenerated completely by the th ird  day* There may be some p e rs is te n t 
p o r ta l  oedema or lymphatic d ila ta tio n  (Fig* 226)*
Considerable v a ria tio n  was found in  the ex ten t of l iv e r  damage 
between in d iv id u a l animals receiv ing  constant doses o f poison* Appar­
en tly  the se v e rity  of i l ln e s s  does not depend only on the ex ten t of l iv e r  
damage and some guinea-pigs dying w ith in  24 hours had minimal hepatic
174 ~
lesions*  For th is  reason, a l l y l  formate is  u n sa tis fa c to ry , compared 
with carbon te tra c h lo r id e , as an agent by which the e f fe c t  of co rtisone 
on l iv e r  necrosis  may be s tu d ied , and i t  would be u n ju s tif ia b le  to  draw 
conclusions from th is  work* Cortisone did appear to  minimize the tox ic  
e f fe c ts  of a l l y l  formate bu t may have accelerated  the onset of liver 
damage* There i s  a lso  a suggestion o f a s lig h t delay in  healing  under 
the influence of the hormone*
The r e s u lts  of th is  experiment are  s e t  out in  Table XXXIV*
In  view of the inconclusive nature of the r e s u l t s ,  i t  was deoided 
not to  continue the experiment with la rg e r  numbers of animals or to 
in v e s tig a te  fu r th e r  the toxic ac tion  of a l l y l  formate on organs other 
than the liver*
EXPERIMENT 7
To observe the influence of cortisone on phosphorus poisoning in  mice
Like a l l y l  form ate, phosphorus i s  claimed as an agent which will 
produce p e r ip o rta l zonal necrosis of liver*  As with a l ly l  formate also, 
i t  i s  d i f f ic u l t  w ith phosphorus to  e s ta b lish  experimental conditions 
whereby the l iv e r  can be damaged without k il l in g  the ani mal s in  a sh o rt 
period of time* Indeed, i t  was impossible for th is  reason to  use e ith e r  
r a t s  o r guinea-pigs and in  n e ith er could any hepatic necrosis be induced) 
lo ss  of l iv e r  glycogen did occur, but o ften  spared the p e rip o rta l regions 
of the organ*
S tru c tu ra l changes in  tbe l iv e r  were more apparent in  mice which were
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chosen fo r  the experiment* Forty  animals were used, h a lf  rece iv ing  
d a ily  in je c tio n s  of co rtisone as  in  the previous experiments* Animals 
surv iv ing  the o rig in a l tox ic  i l ln e s s  were k i l le d  a t  in te rv a ls  (Table XXXV).
For adm in istra tion  to  these mice, yellow phosphorus was added to  a 
weighed q u an tity  of a rach is  o i l  and the mixture re  weighed • The amount 
of o i l  was then ad justed  without delay so th a t the phosphorus was approx­
im ately one per cent of the mixture* The phosphorus d isso lves slowly in  
the o il*  A su ita b le  sing le  dose fo r young 20 g* Swiss alb ino  mice was 
found to  be 0*03 ml* given subcutaneously*
R esu lts
Mice so tre a te d  appeared unwell w ithin  a few hours and some died 
w ith in  a day of poisoning* Others recovered g rad u a lly , being w ell again  
by the f i f t h  or s ix th  day* The ra te  of recovery was slower compared w ith 
the i l ln e s s  of a l l y l  formate poisoning*
The l iv e rs  of these animals were swollen and extremely pale due to  
fa t ty  change* Fat forms fine d ro p le ts  sca tte re d  throughout the cytoplasm 
of the l iv e r  c e lls  which have a foamy appearance; the n u c le i are not 
d isp laced . There is  no sta inab le  glycogen* This degenerative change 
i s  always more marked a t  the periphery of each l iv e r  lobule (Figs* 227 to  
229) but may extend to  involve most l iv e r  ce lls*  In  no case, however, 
was there  evidence of frank  necrosis of p e r ip o rta l cells*  On the 
co n tra ry , a  few animals show, a t  48 hours a f te r  poisoning, a narrow but 
d is t in c t  zone of coagulative necrosis around each congested c e n tr ilo b u la r  
vein (F igs. 230 to  232).
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Macrophages and polymorphonuclear leucocytes are  evident during the 
second and th ird  days a f te r  poisoning* These are  s c a tte re d  throughout 
each lo b u le , but are  sometimes more profuse in  the o en trilo b u la r zones 
where small eosinoph ilic  bodies, presumably derived from n ecro tic  l iv e r  
c e l l s ,  may be numerous (Figs* 233 & 234)* (They are  rem iniscent of the 
in c lu sio n  bodies described by Doniach and Weinbren (1952) follow ing 
p a r t ia l  hepatectomy, and by Anderson e t al* (l96 l) in  l iv e r  c e l ls  adjacent 
to  a reas  of p h ysica lly  induced hepatic injury* They are  regarded by 
these authors as swollen in tra c e l lu la r  lysosomes or lipofU soin, o r ,  
p o ssib ly , imbibed plasma pro tein)*  The inflammatory process gradually  
subsides with re tu rn  to normal w ithin a week*
Owing to  the high m orta lity  ra te  in  the early  stages of i l ln e s s  and 
the  v ariab le  e f fe c t of phosphorus an the liv e rs  of su rv ivo rs, i t  was 
considered th a t th is  was not a su itab le  hepatic le s io n  fo r the study of 
co rtisone e ffec ts*  Consequently, only a small number of animals is  
reported* The d ifference in  the l iv e r  lesions between Groups A and B is  
not s tr ik in g  but the most obvious example of oen trilo b u lar necrosis was in  
a  c o rtiso n e -tre a te d  animal* The mesenchymal response described during 
the period of recovery was minimal or absent in  the co rtiso n e -trea ted  
group, but th is  d id  not appear to  delay complete recovery to ary  extent*
DISCUSSION
There are numerous substanoee which may damage the l iv e r  fu n c tio n a lly  
and s tru c tu ra l ly  and these have been reviewed recen tly  by Stoner »n d Magee 
(1957)* As these authors suggest, probably a l l  ac t by d istu rb in g  the 
in te rn a l  metabolic processes occurring w ithin the l iv e r  ce ll*  The exact 
mechanism of such ac tio n  and the fac to rs  determining the maximum extent 
o f l iv e r  damage w ithin the lobule in  any sp ec ific  case are s t i l l  m atters 
of debate* Only a small se lec tio n  of these hepatic poisons have been 
employed in  th is  work, as the main purpose was to  study l iv e r  regenera tion  
follow ing in ju ry  by any convenient method0 However, the adverse 
in fluence of cortisone and ACTH on the sev erity  of the carbon t e t r a ­
ch lo ride  le s io n  made i t  desirab le  to rep eat the work with other chemically 
d is t in c t  l iv e r  poisons* Those which were chosen proved to be ra th e r  le ss  
su ita b le  fo r th is  experim ental p ro jec t on account of the v a riab le  sev erity  
o f the re su ltin g  l iv e r  le s io n  in  apparently  id e n tic a l animals* Neverthe­
le s s ,  the re s u l ts  obtained do suggest th a t the hormones exert the same 
d e le te rio u s  e ffe c ts  on the ex ten t of l iv e r  damage and hea ling , regard less 
of the type of tox ic  agent employed*
Liver damage from halogenated hydrocarbons, e sp ec ia lly  chloroform and 
carbon te tra c h lo r id e , has been the sub ject of innumerable investiga tions*  
They are  convenient to  use and generally  produce notable l iv e r  damage w ell 
w ithin the minimal le th a l  dose* Carbon te tra ch lo rid e  i s ,  perhaps, 
p referab le  to  chloroform, as i t  may produce le ss  ren a l damage, a t  le a s t  in
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sm all male rodents (C u llifo rd  & Hewitt, 1957). The development of 
o e n tr ilo b u la r  zonal necrosis  and the rap id  re p a ir  of the damaged l iv e r  
as described in  my Group B animals are q u ite  in  keeping w ith various 
published r e p o r ts ,  p a r tic u la r ly  those by Cameron and Karunar&tne (1936) 
who described the  le s io n  in  r a t s ,  and by Stowell and Lee (1950) who made 
an extensive study of the condition  in  mice* In  mouse l iv e r ,  m ito tic  
a c t iv i ty  is  g re a te s t on the second or th ird  day a f te r  in ju ry , so th a t  
regenera tion  o f each damaged lobule is  w ell advanced by the fo u rth  day 
and complete by the s ix th  (Tsuboi e t a l* ,  1951)*
In  order to  study the e f fe c t of e x tr in s ic  fac to rs  on such a  le s io n , 
i t  is  d es irab le  to  use a large number of animals as the sev e rity  of l iv e r  
damage by a  constant dose of carbon te tra ch lo rid e  v a rie s  among apparently  
id e n tic a l  anim als. This discrepancy can be reduced to  some ex ten t by 
adm in istra tion  o f the poison o ra lly  (McCloskey & McGehee, 1950), or by 
in h a la tio n . I  have invariab ly  given carbon te tra c h lo rid e  by oesophageal 
tube and not by p aren te ra l in je c tio n . With a l i t t l e  p rac tice  the tube 
can be passed e a s ily  and quickly without much disturbance to  the animals* 
In  sp ite  of th i s ,  the r e s u l ts  were not quite uniform among sim ila r 
animals so treated*
Several workers, e*go, Gyargy e t a l .  (1946) have noted a  sex 
d ifference in  the response to carbon te tra c h lo rid e , females showing le ss  
l iv e r  damage than males* I  have noted some evidence in  support of th is  
in  my work on carbon te trach loride-induced  c ir rh o s is  (Part I I  )• In  
Experiment 1 , ten  young female mice are included in  each of the th ree
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Groups A, B and C, w ith re s u l ts  s im ila r  to those obtained w ith  male 
animalso In  a l l  other experiments males only were used*
The age of the experim ental animal is  an ad d itio n a l fa c to r  which can 
a f fe c t  the charac ter of l iv e r  damage* Poet a t  a l .  ( i 960) noted th a t  
recovery from the carbon te tra c h lo rid e  lesion  in  r a ts  is  delayed with 
advancing age irre sp e c tiv e  of dosage* A ll r a ts  and mice in  my 
experiments were young anim als, mostly eight to  ten  weeks old*
The development of o en trilo b u la r zonal necrosis of l iv e r  as a compli­
c a tio n  of burns tre a te d  w ith tannic acid  suggested th a t th is  substance 
might be a  l iv e r  poison* Experimental proof was forthcoming, e*g*, by 
Cameron e t  a l * (1943) and Barnes and H ossiter (1945)* I  have used 
sm aller doses o f tannic acid  than these au th o rs , but s t i l l  fin d  a high 
degree of s u sc e p tib ili ty  to i t s  tox ic e ffec ts  among some o f my experi­
mental animals* Like carbon te tra c h lo rid e , tann ic  acid seems to  damage 
l iv e r  m itochondria, p a r tic u la r ly  in  the o en trilo b u la r zones, soon a f te r  
adm in istra tion  (Cameron e t  a l . )
I t  has been suggested th a t p e rip o rta l zonal neorosis r e s u l ts  from 
the i n i t i a l  severe damage to  those l iv e r  c e lls  f i r s t  exposed to  the 
c irc u la tin g  tox in  (Himsworth, 1947)* This is  possibly  so in  the a l ly l  
formate le s io n , although the p e rip o rta l oedema and haemorrhage in  some 
cases were suggestive of primary vascular damage* Heinemann (1937) had 
most success with ra b b its ,  using 0*2 ml* to  0*5 ml* fa r  2 kilogram 
animals* She noted th a t ra ts  usually  develop f a ta l  cereb ra l symptoms 
but no l iv e r  damage* In  order to  conserve availab le  supplies of
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hormone I  p re fe rred  to  use guinea-pigs,  in  many of which obvious l iv e r  
damage could he produced without k i l l in g  the an im ls*
M arshall and Rowntree (1915) described p e rip o rta l zonal n ecrosis  in  
the l iv e rs  of dogs given two d a ily  in jec tio n s  of phosphorus (10 mg* and 
7*5 Eg*) d isso lved  in  o il*  Most experim ental work with th is  poison Hah 
been c a rried  out in  dogs and i t  may be th a t rodents are  unsu itab le  fo r 
the purpose* These animals c lea rly  develop liv e r  c e l l  damage but th is  
does no t progress to  frank p e r ip o rta l necrosis* On the other hand, 
o en tr ilo b u la r  zonal necrosis was noted in  some in stan ces , which might be 
an ischaemic phenomenon from sinuso idal co n s tric tio n  secondary to  sw elling 
of more p e rip h era lly  placed ce lls*  I f  th is  is  so the lesion  could be 
e s s e n tia l ly  s im ila r to carbon te tra c h lo rid e  necrosis fo r which the same 
mechanism has been proposed to  explain the d is tr ib u tio n  of l iv e r  o e ll  
damage*
This ischaemic theory of o en trilo b u la r zonal necrosis was advanced 
in  1948 by Glynn and Himsworth who showed sinuso idal co n s tr ic tio n  by means 
of In d ia  ink- in jec te d  in to  the spleens of animals which also  received  
carbon te trach lo rid e*  Conversely, the liv e r  lesion  is  reduced by the 
adm in istra tion  of oxygen (Andrews, 1957)* Autologous g ra fts  of l iv e r  
in  omentum are r e la t iv e ly  r e s i s ta n t ,  possibly  because of a r ic h  blood 
supply which reduces the tendency to ischaemia (Cameron & Karunaratne,
1936; Myren & V in je , 1952)*
The re s u l ts  o f some other investiga tions throw doubt on th is  theory , 
Daniel e t  a l .  ( 1952) ,  using an angiographic technique to  study hepatic
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c irc u la tio n  could no t demonstrate sinuso ida l c o n s tr ic tio n  a f te r  carbon 
te tra ch lo rid e*  Stoner (1956) has devised a method of in te rn a l 
ca lorim etry  of the l iv e r ;  with th is  apparatus he found evidence of 
increased  blood flow a f te r  in toxication* I t  bas been suggested th a t in  
Glynn and Himsworth's experiment the general anaesthesia preoeding in t r a -  
sp len ic  in je o tio n  o f India ink , and not carbon te tra c h lo r id e , caused 
s in u so id a l co nstric tion*
Myren (1956) believes th a t the i n i t i a l  damage in  carbon te tra c h lo rid e  
poisoning involves mid-zonal hepatic ce lls*  I  have noted s lig h t hydropic 
change and loss of basophilic cytoplasmic m ateria l in  th is  zone w ithin  an 
hour of poisoning* Htyren described sw elling of these c e lls  w ith in  
minutes o f subcutaneous in je c tio n  and w ithin  seconds of in tra sp len io  
in jec tio n *  I t  seems possible th a t there is  an early  and perhaps tra n s ien t 
s in u so id a l co n strio tio n  which might be su ff ic ie n t to  aggravate the a c tio n  
of the poison on the o en trilo b u la r zone and so determine the maximum s i t e  
of damage* I f  th is  i s  so , the mechanism might be fu rther aggravated by 
co rtisone which increases the bulk of l iv e r  c e l ls  through increasing  th e i r  
content o f w ater, glycogen and fa t*  On the o ther hand, Myers and Taylor
(1952) found th a t  co rtisone increased l iv e r  blood flow in  e igh t human 
sub jec ts w ith normal l iv e r  function*
Lacquet (1932) noted m itochondrial damage in  the liv e rs  of ra ts  th ree  
hours a f te r  carbon te tra c h lo rid e  adm inistration* Cameron and Karunaratne 
suggested th a t th is  change may occur w ithin one hour* Loss of basophilio  
cytoplasmic granules thought to  be ribonucleic acid is  a lso  an ea rly
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fe a tu re  of l iv e r  damage (Rosin & D oljanski, 1946) ,  but chem ically the 
amount of ribcnucleiG  ac id  is  not reduced (Parber j t  a l* / 1951; Hofftaan 
e t  a l . ,  1955^). Carbon te tra ch lo rid e  probably damages endoplasmio 
reticu lum  of l iv e r  c e lls  with d ispersion  of ribonucle ic  acid  throughout 
the  hydropic cytoplasm (Oberling & R o u ille r , 19565 Leduc & W ilson, 1958).
Damaged mitochondria undergo increased perm eability  and d isorgan iza­
t io n  but th e ir  enzymes concerned with the trica rb o x y lic  cycle may not be 
destroyed (C h ris tie  & Judah, 1954)* Oxidative phosphorylation is  
d istu rbed  nevertheless because of loss of co-facto rs and pyridine 
nucleotides* Feeding r a t s  with pyridine nucleotide precursors such as 
n ic o tin ic  acid and DL-tryptophane can pro tect against carbon te tra c h lo rid e  
in ju ry  (G allagher, I960)* The remarkable accumulation of calcium in  
these damaged mitochondria a t  the expense of potassium cations w ill a lso  
in te r fe re  w ith  th e ir  function (Thiers e t  a l* , I960). Histochemical 
evidence of recovered enzyme a c t iv i ty  follows the reappearance of normal 
m itochondria about the f i f t h  day a f te r  poisoning (Tsuboi & Stow ell, 195l)»
I t  has been shown re c en tly , esp ecia lly  by Recknagel and h is  co-workers, 
th a t  such enzymatic dysfunction does not explain the early  l iv e r  c e l l  
changes which appear w ith in  a few hours of poisoning (Recknagel & Anthony, 
1957? Recknagel e t  a l . ,  1958). C alvert and Brody (i960) believe th a t 
these e a r ly  changes are  the r e s u l t  of abnormal sympathetic impulses 
in i t ia te d  by the hepatotoxin and mediated by the adrenal medulla. I t  i s  
claimed th a t  these impulses cause both l iv e r  sinuso idal co n s tr ic tio n  and 
f a t ly  l iv e r  follow ing m obilization o f depot f a t .  This theory is
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supported by reduction  of* l iv e r  damage by adrenergic blocking agents ,  
re se rp in e , adrenalectomy and esp ec ia lly  by ce rv ica l cord transeotion*
The ad ren a l medulla i s  apparently more important than the cortex in  th is  
mechanism* Schotz and Recknagel ( i 960) c r i t ic iz e d  these r e s u l ts  in  so 
fa r  as they could demonstrate no elevation  of plasma l ip id  following 
ad m in istra tio n  o f carbon te trach lo ride*  Recknagel and L i t te r ia  ( i 960) 
found th a t the l iv e r  may contain measurable amounts of carbon t e t r a -  
ohloride fo r up to  nine hours before i t s  f a t  content begins to  r is e  and 
before th e re  is  any loss of enzyme function normally asso cia ted  with 
mitochondria* During th is  time detoxicating  enzyme systems associa ted  
w ith microsomes may be deranged (itfeubert & Maibauer, 1959) •
Lowe & Williams (1955) found tha t cortisone had no e f fe c t on the 
m itochondrial enzymes of r a t  l iv e r  c e l ls ,  and Myren ( i 960) noted th a t  
ACTH had no influence on liv e r  dehydrogenases* However, according to  
Kerppola and P itkanen ( i 960) there is  in h ib itio n  of re sp ira to ry  function  
a t  the cytochrome oxidase level* By the use of is o c i tr a te  or 
a-ketcglutarate as su b s tra te s , depression of oxidative phosphorylation and 
ATP syn thesis can be demonstrated, especially  in  old female ra ts  
(Kerppola, I960)* This e ffe c t can be reversed with oestrad io l*  I t  
seems possib le  th a t co rtisone , by ac tin g  in  th is  way, could aggravate the 
d e le te rio u s  influence of carbon te tra ch lo rid e  on m itochondrial fu n c tio n .
Other l iv e r  enzymes are influenced by corticostero ids*  The e f fe c t 
on glue ose—6—phosphatase and fructose diphosphatase leads to  hyper** 
glycaemia (Weber e t  a l* ,  195^» Kvam & Parks, i 960) ,  while the l iv e r
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content of glycogen is  ra ised  through the e ffeo t on phosphorolase (Hess 
Q'fc a l  ♦» I 960)# I t  seems un likely  that l iv e r  in ju ry  would he aggravated 
by these re s u l ts  unless in d ire c tly  through sw elling of c e l ls  from excess­
ive glycogen storage* I t  has been noted, however, th a t glycogen 
disappears from the l iv e r  w ithin a few hours of poisoning, whether 
co rtisone  i s  given or not*
In  ad d itio n  to  glycogen, l iv e r  c e l l  water and probably f a t  are 
increased by cortisone and ACTH* Before the iso la tio n  of these hormones 
i t  was recognized th a t an te rio r p itu ita ry  ex trac t would produce ke to sis  
and f a t ty  l iv e r  (P iy , 1937; In g le , 1943)# while adrenalectomy prevented 
f a t ty  l iv e r  (Long a t a l* , 1936)* With regard to  co rtiso n e , Williams e t  
a l * (1953) found ra b b it liv e r  f a t  unchanged a f te r  i t s  ad m in istra tio n , 
while H arris  e t  a l*  (1953) found a decrease in  guinea-pig liv e r  fa t*
The m ajo rity  of re p o r ts ,  however, describe the opposite e f f e c t ,  e*g*,
Rich e t  a l*  (1951); Dury (1955); Kief Schurmeyer, 1956* ACTH a lso  
induces f a t ty  l iv e r  according to  Baker e t  a l * (1948) end Morrison (1952)* 
I t  is  genera lly  assumed that cortisone acts as a s t imulant  to  the 
m obiliza tion  of f a t  from fa t  depots* In add ition  Altman e t al* (1951) 
noted i t s  ac tio n  in  stim ulating lipogenesis in  perfused r a t  liver*  
Adrenalectomy depresses th is  hepatic function while s tim ulating  f a t  
catabolism  (Perry & Bowen, 1956)*
In  the present in v estig a tio n , q u an tita tiv e  estim ations of f a t  and 
glycogen were not undertaken, but histochem ical te s ts  showed excess of 
both substances in  the liv e rs  of control r a ts  and mice which received
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co rtisone  or ACTH alone , and a lso  in  the v iab le  portions of the l iv e rs  of 
many Group A animals a f te r  the acute i l ln e s s  had subsided* These e ffe o ts  
were not pronounced in  guinea-pig liv e r*
Liver necrosis  i s  aggravated by s te a to s is ,  a t  le a s t by th a t assoc­
ia te d  with low -protein h igh -fa t d ie t (Moise & Smith, 1924$ Goldschmidt e t 
Si*# 1939 5 Forbes el; a l* ,  1941)* Goldschmidt and h is  oo-workers noted 
th a t  the glycogen content of the l iv e r  which could be varied  by d ie ta ry  
measures did not influence the ex ten t of the lesion* I t  seems possib le  
th a t the f a t ty  change induced by the hormones under in v es tig a tio n  may have 
had a  s im ila r  d e le te rious effect*
Cortisone may a lso  aggravate liv e r  necrosis in d ire c tly  through i t s  
e f fe c t  on p ro te in  metabolism, v iz* , in h ib itio n  of anabolism and a cce le ra ­
t io n  o f catabolism  (Cannon e t al** 1956)* Liver damage is  accelerated  
and recovery is  delayed in  conditions of p ro te in  deficiency  induced by low- 
p ro te in  d ie t  (Smith & Moise, 1924)* However, i t  appears tha t co rtisone 
s tim u la tes  p ro te in  synthesis in  the liv e r  as d is t in c t  from the r e s t  of the 
body (C lark , 1953), even in  animals on a p ro te in -free  d ie t  (Pesch & Clark, 
1956)* This might explain the lack of b enefit obtained by a h igh-p ro te in  
d ie t  (Experiment 4)* I t  is  well-known that s ta rv a tio n  has a profound 
d e le te rio u s  influence on liv e r  n ec ro sis , e*g*, Graham (1915)# 8£d th is  
seems to  be beyond the influence of cortisone*
Some observations on the influence of cortisone and ACTH on wound 
healing  have been given in P art I I 5 i t  i s  not su rp ris in g  tha t a  s im ila r 
in h ib ito ry  e f fe c t  was noted on the rep a ir  of n ecro tic  l iv e r • I t  is
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p ossib le  th a t  th i s  a lso  may be independent of any e ffe o t on p ro te in  
metabolism (Baker & W hitaker, 1948 \ 1950) ,  but may be a  lo c a l a c tio n  by 
th e  hormones a t  the s i te  of injury* Cortisone applied  lo c a lly  to  mouse 
sk in  in h ib its  m itosis (Green & G hadially, 1951)* So may ACTH even in  
adrenalectom ized animals (Green, 1950)* ACTH may a lso  in h ib i t  the 
em igration of leucocytes in to  an inflamed area in  adrenaleotomized 
animals (Menkin, 1953b)* This author described a d iffe re n t lo o a l ac tio n  
fo r  co rtiso n e , v iz* , the suppression of leucotaxine and reduction  of 
c a p illa ry  perm eability  (Menkin, 1953a)*
The ^ an tip h lo g is tic "  ac tio n  of these hormones was among the f i r s t  of 
th e ir  p ro p erties  to  be investigated* Selye (1949) noted th a t both 
reduced the inflammatory response to  in jec ted  formalin* Some rep o rts  
describe the in h ib itio n  of a l l  mesenchymal c e l ls  involved in  inflammation 
and wound healing , e*g ., Michael and Whorton (1951), while others s tr e s s  
the r e la t iv e  s u sc e p tib ili ty  of f ib ro b la s ts  and endothelium (Lattes jet a l* *
1950)* Ragan e t  al* (1951) found re la tiv e ly  less  in h ib itio n  of blood 
c a p illa ry  growth in  granulation tissu e  of rab b it ear wounds*
To be e ffe c tiv e  in  the re ta rd a tio n  of healing , e ith e r  hormone must be 
adm inistered from the s ta r t  of wounding (Spain e t a l* ,  1950)* These 
authors describe in h ib itio n  of phagocytosis of India ink p a r tic le s  in jec ted  
in tra p e r ito n e a lly  in  mice receiv ing  cortisone* Others believe th a t there  
is  no in h ib itio n  of phagocytosis but only in  the m obilization of c e l ls  and 
th e ir  em igration to  the s i te  of in ju ry  (Germuth e t a l *,  1952} Gell & Hinde, 
1953} Magee & Palmer, 1953)* Marcus jjt  al* (1953) a c tu a lly  found
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s tim u la tio n  of phagocytosis in  animals receiv ing  cortisone*
In  the p resen t work, the e ffe c t of cortisone and ACTH in  in h ib itin g  
the mesenchymal response w ith in  the l iv e r  during the early  stages of 
re p a ir  was most noticeable*  Some of these mesenchymal c e lls  were 
probably derived from the blood but many seem to come from lo ca l s in u s­
o id a l ce lls*  S tudies with t r i t i a t e d  thymidine described in  P art IY show 
evidence o f new DMA formation in  these c e lls  during recovery from o e n tr i­
lo b u la r zonal necrosis*  Co-existent with th is  depression cf phagocytosis 
was a tra n s ie n t in h ib itio n  of liv e r  parenchymal regeneration* In  sp ite  
of the continued adm in istration  of e ith e r hormone there  was, even tu a lly , 
disappearance of necro tic  l iv e r  tissue  and i t s  replacement by v iab le  
parenchyma* There is  an analogy with th is  and cutaneous wound healing ; 
re p a ir  i s  delayed but is  followed to completion in  s p ite  of continuous 
co rtiso n e  adm in istra tion , as described in  P art I I  of th i s  thesis*  Refer­
ence has already been made to  the views of Goffman e t a l*  (1955) the 
p o s s ib i l i ty  of enzymatic au to ly sis  of necro tic  m ateria l and am ito tic  
d iv is io n  o f l iv e r  c e lls  during cortisone adm inistration* Others have a lso  
noted absence of m itosis in  regenerating liv e r  of animals rece iv in g  
c o rtiso n e , e*g, Roberts e t al* (1952); Einhom e t  a l • (1954)• I t  appears, 
however, th a t a l i t t l e  co rtico stero id  i s  necessary fa r  liv e r  growth as 
regenera tion  i s  a lso  inh ib ited  by adrenalectomy (Priedgood £ t  a l* ,  1950)* 
The s e n s i t iv i ty  of animals to  exogenous cortisone seems to vary 
among d if fe re n t species* Thus, r a t s ,  mice, rab b its  and f e r r e ts  are  a l l  
very s e n s itiv e  to  i t s  influence on weight loss and inhibi t io n  of antibody
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production , whereas men, monkeys and guinea-pigs axe r e la t iv e ly  r e s is ta n t  
(Shewell & Long, 1956)* Upton and Coon (1951) noted the r e la t iv e  
re s is ta n c e  of guinea-pigs to the wound-healing influence of both hormones 
in  sp ite  of the ready production of eosinopenia* This seems to  be borne 
out to  some extent by the re su lts  of my experiments on a l ly l  formate 
damage in  guinea-pigs* Cortisone had no very marked e ffe c t on the le s io n  
although i t  was given in  a dose su ff ic ie n t to  cause thymic atrophy, 
reduction  in  c ircu la tin g  eosinophils and even exopthalmos, an e ffec t 
noted by Williams (1953)*
The dosage o f both hormones in  a l l  these experiments was adequate to  
induce the well-known e ffe c ts  of eosinopenia and thymic atrophy* I t  was 
considered undesirable to  use the very large doses employed by some 
in v es tig a to rs  owing to the p o s s ib ili ty  of l iv e r  damage by th is  means alone* 
Focal necrosis  of mouse liv e r  was a ttr ib u te d  by Antopol (1950) to  high 
co rtisone dosage. I t  is  possible th a t cortisone may a c tiv a te  some v i r a l  
in fe c tio n  of l iv e r  to  which mice and other laboratory animals are 
su scep tib le  and so produce or aggravate liv e r  necrosis* Mice and 
hamsters a re  rendered more susceptib le to  poliom yelitis v iru s  in  th is  
way (Shwartzman, 1950), and to  caxsackic v irus (Kilbourne & H o rsfa ll,
1951)* Melcher e t  a l .  (1952) claimed a b il i ty  to  induce su sc e p tib il i ty  in  
r a t s  to  human v i r a l  h e p a tit is  by treatment with co rtisone , but th is  has
never been confirmed*
G led h ill and Andrewes (l9 5 l) described a mouse h e p a titis  virus 
causing ex tensive l iv e r  damage* The h is to lo g ica l c h a ra c te r is tic s  of
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of th is  d isea se  include cytoplasmic inclusions, an ir re g u la r  or massive 
type o f n ec ro s is  and g ian t c e l l  formation during recovery, none of which 
were fe a tu re s  of the carbon te trach lo rid e  and tannic acid lesions under 
in v estig a tio n #  A d iffe re n t v a rie ty  of murine h e p a tit is  i s  described by 
Jordan and M irick (l95l)>  but may be a type of protozoan in feo tio n  
(Morris e t  al#* 1956)# This has as one of i t s  fea tu res a d iffu se  
i n f i l t r a t i o n  of l iv e r  w ith mesenchymal c e lls  rem iniscent of leukaemia, 
but not seen in  any of the animals used in  the present investigation#  
Lackey j t  al# (1953) described a condition s im ilar to and possibly  
id e n tic a l  w ith  th a t noted by Jordan and Mirick which was aggravated by 
la rg e  doses of cortisone or ACTH# Jordan and Mirick (1955) confirmed 
th iso  Dick j t  a l  # (1956) described a th ird  type of murine h e p a t i t is ,  
probably v i r a l ,  which appeared during attempts to  induce human v ira l  
h e p a ti t is  in  mice by the aid of cortisone in jections#  This d isease 
spreads inwards from the peritoneal surface of the l iv e r  and is  assoc­
ia te d  w ith severe a s c ite s ;  again these featu res are in  no way ty p ic a l of 
the lesions under investigation#
The p o s s ib i l i ty  of stim ulation of such in fection  by cortisone or 
ACTH cannot be excluded with c e r ta in ty , but there i s  no po sitiv e  evidence 
th a t  th is  did happen# Liver necrosis was never seen in  any Group C 
animaiR and the lesions found in Groups A and B were ty p ica l of chem ically-
induced l iv e r  damage*
Carbon te tra ch lo rid e  and other toxins used in  these experiments would 
be expected to  a c t as s tre ss in g  agents# Following th e ir  adm in istra tion
-  190 -
there  was dep le tio n  of lip id  from the adrenal oortex h a t no gross redac­
tio n  in  c irc u la tin g  eosinophils* The e ffeo t of cortisone cor ACTH would 
he to  exaggerate g rossly  th is  physiological process* The adrenal 
glands o f  the experimental animals were examined in  some only , hat
never showed any evidence of toxic e ffec ts  such as those described by 
Phelps and Hu (1924) and Gardner e t  al* ( 1925) ,  and a ttr ib u te d  to  carbon 
te  tra c h lo rid  e *
The l iv e r  may su ffe r  some damage from conditions of abnormal s tr e s s  
not n e ce ssa rily  involving exposure to  any hepataxic agent* Selye (1951) 
described both f a t ty  l iv e r  and focal necrosis of liv e r  as m anifestation 
of s tre s s*  Abnormal l iv e r  function te s ts  are found in  human p a tien ts  
w ith extensive burns and some f a ta l  cases may show severe hepatic conges­
tio n  and o en trilo b u la r zonal necrosis (James e t  al** 1951)• In 
experim ental shock there appears to he p o rta l and sinuso idal c o n s tr ic tio n  
(Daniel & P ritch a rd , 1951)# together with hepatic venous congestion which 
follow s spasm of muscular tissu e  in  the walls of hepatic veins* This 
th r o t t l in g  mechanism is  p a rtic u la rly  well developed in  the dog va l i as  A 
Popper, 1955) and in  the racoon (Andrews, 1957)* I t  would appear, 
however, th a t these mechanisms fo r the production of hepatic  ischaewxa 
and congestion are due to the local action of adrena l i ne or noradrenaline 
or to  autonomic nerve impulses, and not to  any d ire c t sp ec ific  ac tio n  of
c o rtic o s te ro id s  (Andrews, 1957)*
I t  i s  n a tu ra lly  of in te re s t ,  in  view of the re su lts  o f these 
experim ents, to  note the reports on the use of cortisone and ACTH on
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on cases of acute l iv e r  disease in  man* Most of these rep o rts  r e fe r  to  
v i r a l  h e p a t i t i s ,  and i t  would appear th a t  the euphoria and improved 
a p p e tite  which follow hormone therapy are b en efic ia l in  such cases* In  
many th e re  is  a f a l l  in  serum b iliru b in  with c l in ic a l  improvement in  the 
s e v e rity  of jaundice and i t s  concomitant itch in g  (Thorn e t  a l* ,  1950; 
C olbert e t a I* ,  1951; R ifkin e t a l . ,  1952; Eiohman e t a l . ,  1953; Sborov 
e t  a l* ,  1954> Siede & Klampe, i 960)* What is  perhaps of more importance 
i s  the claim th a t  cortisone may help in recovery from hepatic coma (Duooi 
& K atz, 1952; Shane e t  al** 1955)* These repo rts  are  d i f f i c u l t  to  assess  
because of the concomitant use of other farms of therapy, e sp ec ia lly  
aureomycin which in  i t s e l f  can be b en efic ia l in  hepatic fa i lu re  (Phear 
a t  a l* ,  1956)* In  a la te r  paper, however, Ducci and Katz (1955) claim 
some success with cortisone therapy in  the absence of te tra c y c lin e  admin­
is tra t io n *
There a r e ,  however, many reports  in  which th is  treatm ent i s  regarded 
with scepticism * The most important con tra-ind ica tion  is  increased 
s u s c e p tib i l i ty  to re lapse  especially  on withdrawal of the hormone, and 
such a re lap se  can be more severe than the o rig in a l illn e ss*  Evans e t  al*
(1953) found th is  to  be true of both ACTH and co rtisone . They a lso  had 
no success w ith these hormones in severe cases complicated by hepatic 
f a i lu re  and coma* Other untoward side e ffec ts  sire a tendency to  p o r ta l 
thrombosis (Bongiovanni & Eisenmenger, 1951) especia lly  in  c ir rh o tic  
p a tie n ts ,  and aggravation of a sc ite s  and generalized oedema*
In  a review a r t ic le  on the place of hormone therapy in  l iv e r  d isea se ,
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S pellberg  (1956) recommended th a t cortisone be tr ie d  in  cases of hepatic  
f a i lu r e  and obviously there  would be l i t t l e  to  lose by doing so* I t s  
use i s  a lso  recommended in  ce r ta in  chronic diseases of l iv e r  expecia lly  
in  those with an obstructive type of jaundice in  the absenoe of e x tra -  
h ep a tic  blockage, e*g*, primary b ilia ry  c irrh o s is  and so -called  
c h o la n g io litic  h e p a ti t is  complicating v i r a l  in fections of liver* I t  
would appear th a t cortisone ac ts  in  some way on the perm eability  of 
b i l ia r y  c a n a lic u li w ith  increase in  b il iru b in  secretion*
I t  would be unwise to  look too close ly  for an analogy between the 
experim ental r e s u l ts  of the present work and these rep o rts  on n a tu ra lly -  
occurring human liv e r  disease* The l a t t e r  do not include any condition 
q u ite  s im ila r  to  th a t of chemically-induced zonal necrosis in  experimental 
anim als, while th ere  i s  probably a species d ifference in  response to  the 
adm in istra tion  of cortisone and ACTH* A ll th a t can be s ta ted  i s  th a t 
there  i s  no experim ental proof to  ju s t i fy  th is  form o f therapy in  acute 
l iv e r  d isease in  man*
SUMMARY
1* The ex ten t of o en trilobu lar zonal necrosis of l iv e r ,  induced in  
young ad u lt mice and r a ts  by carbon te tra c h lo rid e , was acoentuated by 
the d a ily  adm in istra tion  of cortisone*
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2 * Recovery was a lso  delayed by cortisone but was gained eventually  in  
s p ite  of i t s  continued adm inistration*
3* H is to lo g ica l examination of the liv e rs  of these horm one-treated 
anim als showed depression of mesenchymal c e l l  p ro life ra tio n  w ith 
in h ib it io n  in  the phagocytosis of n ecro tic  tissue* Complete re p a ir  was 
a tta in e d  in  sp ite  of th is  find in  sp ite  of the apparent in h ib itio n  of 
m ito tic  a c t iv i ty  in  surviving liv e r  ce lls*
4* The minimum dose of carbon te tra ch lo rid e  fa r  the induction of
hepatic  necrosis  in  mice was reduced by cortisone*
The minimum dose of cortisone for the production of these e ffe o ts  in
mice was 1 mg*/lOO g* body weight* Effectiveness did not increase with 
dosage*
6* Sim ilar r e s u l ts  were obtained in  mice with long-acting  ACTH in  a 
dose o f 0*23 mg* twice daily*
7* A high-casein  d ie t did not reverse the de le terious influenoe of 
co rtisone  on l iv e r  necrosis in  mice*
8* Less conclusive but e sse n tia lly  s im ila r re su lts  were obtained in  
mice and r a ts  su ffe rin g  from oen trilobu lar zonal necrosis of l iv e r  
induced by tannic acid*
9* P e rip o rta l zonal necrosis of l iv e r  was induced in  guinea-pigs by 
a l l y l  formate* The variab le  sev erity  of l iv e r  damage among ind iv idual
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animals  made i t  impossible to  assess the e ffeo t of oortisone on th is  
lesiona
10* Liver damage was produced in  mice with phosphorus* Damage 
consis ted  of f a t ty  and hydropic degeneration of liv e r  c e lls  and* in  some 
cases, narrow zones of oen trilobu lar necrosis# Some in h ib itio n  of 
mesenchymal c e l l  a c t iv i ty  during rep a ir  seemed to be e ffec ted  by 
c o rtiso n e ; otherwise i t s  influence on the lesion  could not be determined* 
because of v a r ia tio n  in  the response of ind iv idual mice to phosphorus#
11# Reasons fo r  the deleterious influence of oortisone and ACTH on 
l iv e r  necrosis  are  discussed* Possible fac to rs  include sinuso idal 
c o n s tr ic tio n  frcm excessive sw elling of v iab le  c e l ls ,  induction of f a t ty  
change and in h ib itio n  of ce rta in  m itochondrial enzymes* No evidence 
was obtained in  favour of a d ire c t neerogenic effeo t of e ith e r  hormone on 
the l iv e r ;  n e ith e r  was there evidence fo r the induction of murine 
h e p a t i t is  or for p ro te in  depletion as possib le explanations of the 
re s u l ts  obtained#
P A R T  17
STUDIES OS LIVER HBQMBRATI01
WITH TRITIATED THaHDIMB
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An im portant property  of l iv e r  tis su e  in  the adu lt animal i s  i t s  
remarkable a b i l i ty  to  re v e rt to a  la b ile  s ta te  and undergo rap id  p ro li­
fe ra tio n  when a  p o rtion  of i t s  substance is  destroyed* Liver regenera­
t io n  has been the su b jec t of rnuoh research  and has inoluded the in v e s t i­
g a tion  of a wide v a r ie ty  of to p io s , e«g*, the importance of blood supply 
and n u tr i t io n ;  the ro le  of b ile  duct epithelium as a souroe of l iv e r  
parenchyma; the su so e p tib ili ty  or re s is tan ce  of newly-farmed tissu e  to  
fu r th e r  damage* Reviews on the subjeot of l iv e r  regeneration  have 
appeared from time to  time and I  have re fe rred  to  those by Fodwyssoski 
(1886)# v* M eister (1894), Muir (1908), Fishbaok (I929i Cameron (1952)# 
Harkness (1957) and Leevy (i960)* Two pro jeots re la tin g  to  th is  sub jeo t 
a re  inoluded in  th is  thesis*  The in h ib ito ry  ac tio n  of cortisone and 
ACTH on l iv e r  regenera tion  has been described in  F art I IIo  This p a r t 
gives an account of some autoradiographic stud ies of mouse l iv e r  follow ­
ing  the adm in istra tion  of thymidine lab e lled  with tritium *
Thymidine i s  a pyrimidine forming p a rt of the complex deoxyribonucleic 
ac id  m olecule, but i s  not present in  ribonucle ic  acid  or in  any o ther 
t is s u e  component* Thymidine is  quickly incorporated in to  DNA which i s  
undergoing syn thesis  a t  the time of i t s  adm inistration* Consequently# 
the nuclear chromatin of newly-formed c e l ls  w ill contain the ra d io -ac tiv e
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la b e l  o f H •thjnBidins and w ill  be demonstrated on autoradiographs*
DBA syn th esis  is  followed by m itosis w ithin a  few hours and i t  night 
be expected th a t  th is  and subsequent episodes of o e ll d iv is io n  would soon 
lead  to  su b s ta n tia l  d ilu tio n  of the ra d io -a o tiv ity  of lab e lled  oella*
It  has been found; however* th a t some labelled  liv e r  c e lls  oan retain a 
considerab le  in te n s ity  of ra d io -a o tiv ity  fo r many weekB a f te r  regenera­
t io n  of the organ* An assessment of ea rly  regenerative a c t iv i ty  oan be 
obtained from m ito tic  count* but th is  method is probably much less 
accu ra te  than the enumeration of labelled  c e lls  seen on autoradiographs* 
Sohultze and O ehlert ( i 960) found th a t counts of lab e lled  c e lls  in a 
v a r ie ty  of growing r a t  tissu es  were ten times the m ito tio  counts* and in 
the p resen t work I  have found an even g rea ter d ifference*
By th is  technique i t  has been planned to  study the pa tte rn  of l iv e r  
regenera tion  following chemically-induced zonal necrosis and p a r t ia l  
hepatectomy* the persistence of labelled  c e lls  in  the completely 
regenerated  liv e r*  and the a c tiv ity  of b ile  duct epithelium  and sinuso idal 
c e l ls  during regeneration* T r itia te d  thymidine of s a tis fa c to ry  rad io ­
a c t iv i ty  has only recen tly  become availab le  commercially in  th is  country* 
and these p ro jec ts  are a t  present incomplete* nevertheless* the results 
obtained so fa r  a re  regarded as having su ff ic ie n t in te re s t  to  ju s t i f y  
th e ir  inc lu sio n  in  th is  thesis*
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EXPERIMENT 1
To a s c e r ta in  the time o f g rea test uptake of -thymidine by mouse l iv e r  
follow ing carbon te tra ch lo rid e  injury
Methods* Twelve adu lt Swiss albino mice weighing 29 to  90 g* each 
received  by oesophageal tube a sing le  dose of 40$ oarbon te tra o h lo rid e  in  
liq u id  p a ra ffin *  the amount of the mixture being 0*10 m l./lO  g . body 
weight as in  previous experiments* Six of these twelve animals received 
the  l iv e r  poison a t  9 P*m. and the r e s t  a t  9 a«m* on the follow ing day* 
One animal from each of these tiro groups was k ille d  a t  the following time
in te rv a ls  a f t e r  poisonings 12* 24* 96* 43* 60 and 72 hours*
Each mouse received one in jec tio n  of t r i t i a t e d  thymidine 12 hours 
before k i l l in g ,  i . e . ,  a t  0 , 12* 24,  96* 48 60 hours a f te r  oarbon
te tra c h lo rid e *  Therefore* s ix  animals received thymidine a t  9 a.m . and
the remainder a t  9 P*m<* This procedure was adopted to  ensure th a t  h a lf  
the anim als would receive thymidine sho rtly  before a period of PHA 
synthesis*  which is  known to  undergo d iurnal fluctuation*
2 me* -thymidine was obtained from the Radiochsmioal Centre* U.K* 
Atomic Energy Authority* Amersham, about one week before use* In  the 
in te rv a l  i t  was sto red  a t  —20^ C* I t  was dissolved in  20 ml* cold 
iso to n ic  sa lin e  fo r  in trap e rito n ea l in je c tio n  and each animal received 
1 body weight* When not in  use the remainder of the so lu tio n
was s to red  a t  -20° Co
Small blocks of l iv e r  were taken immediately a f te r  k i l l in g  the
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anim als and fix ed  in  10$  form alin in  70$ e thano l. Samples o f o ther 
t is s u e s  were a lso  re ta in e d , including spleen, kidneys, adrenals flTl^  
i n te s t in e .  Autoradiographs were prepared from p a ra ff in  sec tions using 
the s tr ip p in g  film  technique and a lso  the immersion technique as 
recommended by M essier and Lebland (1957) • The former was ca rrie d  out 
as desoribed in  P a rt I I  fo r the demonstration of S ^ - la b e lle d  compounds 
in  l iv e r  sections*  Fine g ra in  film  was used which had an optimum 
exposure time of 190 days, although fa in t  images could be obtained a f te r  
much sh o rte r  periods* For the immersion technique, I lfo rd  0 9 nuclear 
emulsion was employed* This is  supplied as a gel and was heated in  a 
w ater ba th  a t  90° C. before use* Following dipping, s lid es  were plaoed 
on end to  dry and then s to red  within sealed boxes in  a re f r ig e ra to r  a t  
9° C. fo r  periods of 100 to  190 days* Development and fix a tio n  were 
c a rr ie d  out as fo r  s trip p in g  film  preparation, using Kodak "IK 80M for 
four minutes followed by "Amfix ,t for a sim ilar period*
From a  comparison of the two methods, the images appeared s l ig h tly  
more in tense  by the immersion method# In theory the degree of reso lu tio n  
should be b e t te r  as the emulsion layer is  thinner compared to  the th iok- 
ness of the s tr ip p in g  film* Counter s ta in in g  is  much sim pler, req u irin g
only a  few minutes w ith 1$  aqueous neu tra l red*
For comparison with the autoradiographs, other sections from the 
same blocks o f  t is s u e  were stained  by baematoxylin and eosim and by the 
Feulgen technique fo r  chromatin, using lig h t green as a coun tersta in .
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R e su lts♦ The f i r s t  s i r  animals of the se rie s  to he k i l le d ,  i . e . ,  a t 12, 
24 and 36 hours a f t e r  carbon te trao h la rid e  shoved no images a t  a l l  on the 
autoradiographs of l iv e r .  By oontrast a positive re s u l t  was obtained 
from a l l  but one of the remainder, the m ajority of surviving l iv e r  paren­
chymal c e l l s  being labe lled  in  cases given thymidine a t  9 a.m. Ho 
images of c e l l  n u c le i were present in  the J2 hour specimen whioh reoeived 
thymidine a t  9 P»m. As DBA synthesis is  thought to  be a t  a  maximum 
during the  n ig h t i t  was expected that a l l  mice given thymidine a t  9 a.m. 
would p resen t r e la t iv e ly  poor or negative re su lts ,  but th is  was not 80 | 
the  most in ten se  uptake was obtained in  the animal which reoeived 
thymidine a t  9 a*m. 36 hours a f te r  poisoning.
As th i s  was merely a p i lo t  experiment designed to  find  the optimum 
time fo r  adm in istra tion  of labe lled  thymidine, no quan tita tiv e  estimation 
of i t s  uptake was undertaken. E p ith e lia l c e lls  l i ning the base of 
in te s t in a l  cryp ts were labelled  in  a l l  animals  including those whioh 
gave negative re s u l ts  w ith autaradiography of l iv e r  sec tio n s .
E&HitHlMENT 2
To study the Qriffin^gnd fa te  of liv e r  c e lls  labelled  with t r i t i a t e d  
thymidine duri regeneration  following carbon t e trach loride neorosis
Methods. From the r e s u l t  of Experiment 1 i t  was decided to  adm inister 
the same amount of thymidine a t  9 a.m . and 36 hours a f te r  carbon t e t r a ­
ch lo rid e . Twenty-:t wo adu lt male Swiss albino mice weighing 25 to  30 g* 
were so tre a te d  and k ille d  a t  in te rv a ls  varying from £  hour to  8 weeks
a f t e r  thymidine* D e ta ils  are  given in  Table XXXVI.
Autoradiographs of l iv e r  and c e r ta in  other tis su e s  were prepared as 
in  Experiment 1 . Adjacent sections from the same blocks of l iv e r ,  s ta in ed  
by the Feulgen technique, were used to  enumerate m itotio  figures*  These 
were counted in  each of two sec tions from the same speoimen and re la te d  to  
paper weights of the camera luoida drawings of the whole sections*
Enumeration of nuclear images in  the autoradiographs was found to  be 
d i f f i c u l t  because of th e ir  large numbers in  comparison to the m ito tio  
counts and because some areas could be obscured by a r te fac t*
Consequently i t  was thought p referab le  to estim ate to ta l  r a d io -a c tiv ity  of 
in d iv id u al l iv e r  se c tio n s . Each 6 p seotion  was mounted sep ara te ly  on 
c irc u la r  g lass covers l ip  and placed in  a Tracer lab SC 16 windowless 
gas flow counter* The average of th ree separate counts was taken , each 
count being obtained from exposure to  a flow of helium fo r 1,000  seconds 
and enumerated an a Panax automatic scaler*
R esu lts* The uptake of labelled  thymidine showed some v a r ia tio n  through­
out the experimental group and even between indiv iduals k i l le d  a t  the 
same time a f te r  carbon te trach lo rid e  in to x ica tio n . However, no speoimen 
was completely devoid o f images*
In  the early  stages of regeneration both hepatic  parenchymal c e l ls  
and s in u so id a l c e lls  may be lab e lled , not neoessarily  in  a uniform manner. 
Figure 239 shows la b e llin g  confined mainly to sinuso idal c e lls  when much 
n ec ro tic  t is s u e  is  s t i l l  p resen t. Examples of autoradiographs from two
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mice 41 hours a f t e r  carbon te tra ch lo rid e  and 4 hours a f t e r  H^-thy*idine
a re  i l lu s t r a te d  (Pigs* 236 to  240)} in  these there i s  la b e llin g  of both
types of ce ll*  I t  i s  evident tha t the endothelial lin in g  of o e n tr i-
lo b u la r veins shows the same regenerative a c tiv ity  as ad jacen t s in u so id a l
c e l ls  (Fig* 239)* In  many p o rta l tra c ts  are  small c lu s te rs  of o e lls
w ith p o s itiv e  images (Fig* 240)* A few may represen t new b ile  duot
epithelium  but the m ajority are presumably of mesenchymal c e l l  orig in*
Considerable uptake of lab e lled  thymidine was noted in  the sp lenio  white
pulp o f these animals (Fig* 241) ,  and i t  seems possib le  th a t  th is  tis su e
may be the souroe of some lab e lled  macrophages within the liver*
These i l lu s t r a t io n s  also  show th a t new hepatic parenchymal c e l ls  are ]
not derived from any narrow zone of the lobule, but have a f a i r ly  haphazard |
d is tr ib u tio n *  This i s  more evident when regeneration is  well-advanced
(Fig* 242) .  At th is  stage many ce lls  which were o r ig in a lly  lab e lled  may
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have undergone fu rth e r  m itosis with d ilu tio n  of th e ir  E -thymidine content 
(Fig* 243). N evertheless, many ce lls  w ith an intense uptake of radio* 
ac tiv e  m ateria l p e r s is t  fa r longer periods and indeed fa r  the duration  of 
the experiment (F ig s . 244 to 249)* The uptake is  p a r t ic u la r ly  in tense  in  
the th re e—week specimen, almost every l iv e r  c e ll  contain ing some radio* 
a c tiv e  m ate ria l (Fig* 247) .  In  th is  immersion specimen the s p e c if ic i ty  
of the method is  i l lu s tr a te d  by the lack of uptake over the n u c leo li of 
several c e l l  n u c le i, nucleo li being devoid of ENA. Figure 248 shows a 
scanty p o s itiv e  r e s u l t  while th a t of the eight-week specimen i s  f a i r l y  
in tense  (Fig* 249) ;  c lea rly  a good many c e lls  formed in  the l iv e r  soon
a f t e r  carbon te tra c h lo rid e  in tox ica tion  oan p e rs is t  undamaged fo r  a t  
le a s t  th is  period  of time*
Autoradiographs of adrenal cortex (Fig* 250) and ren a l cortex  (Fig* 
231) show an uptake of thymidine in  excess of what might be expeoted in  
normal ad u lt animals* I t  i s  possible th a t carbon te tra ch lo rid e  causes 
some damage to  the spec ia lized  c e l ls  of these organs which i s  followed by 
reg en era tiv e  a c tiv ity *
D eta ils  of m ito tio  counts and ra d io -a c tiv ity  of liv e r  sections are  
given in  Table XXXVI* I t  w ill be evident th a t there i s  no uniform ity in  
the uptake of t r i t i a t e d  thymidine in  re la tio n  to  duration of reoovery from 
l iv e r  n e c ro s is ,  and th a t the m itotio counts give a very poor in d ica tio n  of 
the degree of DNA synthesis in  the early  stages of regeneration* The 
reasons fo r th is  lack of uniformity are not apparent* Possib ly  the 
normal rhythm of DNA. synthesis is  upset in  the damaged l iv e r  and varies  
from animal to  animal*
EXPERIMENT 3
To study the uptake of t r i t i a t e d  thymidine in  mouse l iv e r  follow ing 
p a r t ia l  hepateotomy
Methods * P a r t ia l  hepateotomy was performed in  nine adu lt male Swiss 
a lb ino  mice weighing 25 to  30 g* Under ether anaesthesia the abdominal 
w all was d ep ila ted  and a  transverse in c isio n  made in  the skin  of the 
a n te r io r  p o r tio n . The large l e f t  lobe of l iv e r  was delivered through 
a  small in c is io n  in  the muscle wall in  the l e f t  hypochondria*. This
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lobe was excised following the app lication  of a catgut lig a tu re  to  i t s  
base* The muscle wound was then extended across the epigastrium  to  
expose the middle lobe, which was d ealt with in  the same way, but more 
c a re fu lly  to avoid damage to  stomach and upper in te s t in e . In  some oases 
i t  was found e a s ie r  to  remove the two main portions o f the middle lobe 
se p a ra te ly . The abdominal w all was then closed in  two layers w ith 
in te rru p te d  catgu t sutures and sealed with ce llo id in . Glucose was added 
to  the d rin k in g  water to  make a 5% so lu tion . The excised portions of 
l iv e r  from each animal were weighed and subjected to routine h is to lo g ic a l 
exam ination.
H -thym idine, 1 p c ./g . body weight was given in  so lu tion  by in tra -  
p e rito n e a l in je c tio n  36 or 48 hours a f te r  the operation. Three of the 
nine mice were moribund on the following day and were k i l le d .  The 
remainder which appeared to  be undergoing a normal recovery from the 
operation were k ille d  a t the following in te rv a ls  a f te r  the adm in istration  
of thym idine, v i z . ,  1 day, 2 days, 4 days, 7 days, 14 days and 28 days.
Immediately a f te r  k ill in g  the en tire  remnant of l iv e r  was removed, 
weighed and portions prepared for autoradiography and for rou tine  h is to *  
lo g ic a l examination as in  previous experiments. R adio -activ ity  in  
ind iv idual sections was measured as in  -Experiment 3 / but m ito tio  counts 
were not undertaken*
R esu lts . Data re la t in g  to th is  experiment are given in  Table XXXVII. 
ifcLT-jmnin uptake o f the labelled  thymidine seems to occur during the l a t t e r
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h a lf  of the f i r s t  week a f te r  the operation , but the numbers of animals 
employed a re  too sm all fo r  th is  to be conclusive. In  s p ite  of th is  
r a d io -a c t iv i ty  and increasing  w eight, the autoradiograph of the l iv e r  
s i x  days a f te r  p a r t ia l  hepateotomy was negative, as were those from / 
a l l  animals k i l le d  a t  shorter in te rv a ls  a f te r  the operation . Images 
were re a d ily  seen in  the liv e r  sec tio n  of the remainder but were 
generally  f a in te r  than those obtained from many animals in  Experiment 2 . 
Possib ly  a  g reater quan tity  of hepatic tis su e  is  renewed a f t e r  p a r t ia l  
hepatectomy compared to that which regenerates in  a comparable period 
during recovery from zonal necrosis* I f  th is  is  so there  would be a 
g rea te r  d i lu tio n  of the labe lled  thymidine in  the regenerating  liv e r  
in  th is  experim ent.
As in  the previous experiment, the labe lled  parenchymal c e lls  make 
no p a r t ic u la r  pa tte rn  in  the regenerated tis su e  but have a haphazard 
d is tr ib u tio n  throughout the l iv e r  lobules (F ig . 252). Labelling of 
b i le  duct epithelium  was more apparent in  th is  experiment, even in  the 
w alls o f well-formed in te rlo b u la r ducts (F ig. 253).
DISCUSSION
I t  i s  known th a t c e rta in  changes take place in  the composition of 
l iv e r  c e l ls  during regenera tion . These include loss of glycogen and 
p ro te in , various a l te ra tio n s  in  enzyme a c t iv i ty  such as in h ib itio n  of 
glucoee-6-phospbatase, and gain in  l ip id  and nucleic  a c id s . Nucleic
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aoid precursors are  u t i l iz e d  read ily  a t  such a tim e. These may be 
adm inistered w ith  a rad io -ac tiv e  isotope lab e l which appears subsequently 
in  th e  newly synthesized product. During the l a s t  few years tr i t iu m - 
la b e lle d  thymidine as a  precursor of deoxyribonucleic ac id  has been used 
to  study the growth of various p lan t and animal tissu e s  in  vivo and to  
study c e l ls  in  c u ltu re . The high degree of re so lu tio n  obtainable on 
autoradiographs of tissu es  containing tritiu m -lab e lle d  DNA together with 
the s t a b i l i ty  of th is  substance have made i t  possib le to  study various 
aspects  of regenera tion  beyond the scope of routine h is to lo g ic a l methods.
Hughes e t  a l . (1938) gave -thymidine to  normal young ad u lt mice.
The uptake was ra p id , occurring within a few minutes of intravenous 
a d m in is tra tio n . Before i t  can enter tissu e  c e l ls ,  thymidine i s  probably 
phospharylated to  thymolytio ac id . This substance gradually d e te r io ra te s , 
the la b e lled  m ateria l forming tritiu m  hydroxide, unless i t  be used in  the 
syn thesis  of DNA. Hughes a t  al* found th a t in  the absence of DNA. 
sy n th e s is , degeneration was almost complete in  an hour; i t  follows th a t 
only those c e l ls  in  the process of DNA synthesis w ill be lab e lled  when 
a  s in g le  dose of t r i t i a t e d  thymidine is  given. In  normal sub jec ts  these 
w i l l  be the c e l ls  of la b ile  tissu es  such as bone marrow and the l in in g  of 
the alim entary  ca n a l. Only a very occasional liv e r  c e l l  shows evidence 
of DNA synthesis  in  the adult animal.
MacDonald and Mallory (1959) reported the re s u l t  of a  s im ila r  study 
in  40- to  60-day old r a t s .  An adequate dose of t r i t i a t e d  thymidine fo r 
these tttwIh was 0.7 Mo./g. body weight. With proper storage the
* 207 •
m ate ria l re ma ined a c tiv e  fo r s ix  months. In  these- young growing r a t s ,
2 to  3 per cent o f l iv e r  c e lls  were lab e lled , including some s inuso ida l 
c e l l s ; la b e lle d  c e l ls  had a haphazard d is tr ib u tio n  throughout the l i v er 
lo b u le s . In  ad u lt r a t s  which were a lso  s tud ied , hardly any l iv e r  c e l ls  
were seen on autoradiographs* I t  seems th a t in  recovery from liv e r  
in ju ry , regenera tion  is  merely an exaggerated form of the normal prooess 
in  the growing anim al. MacDonald and Mallory a lso  noted the uptake of 
thymidine by a  very few myocardial c e lls  and neurones, so i t  i s  apparent 
th a t DNA oan be replaced in  c e lls  which do not undergo m ito tic  a o t iv i ty .  
This may be possib le a lso  in  other tissu es  including l iv e r .  Schultse 
and O ehlert ( i 960) gave -thymidine to  young r a ts  and mice and compared 
th e i r  r e s u l t s  w ith the re su lts  of counting m ito tic  f ig u re s . They found 
th a t  a  wave of DNA synthesis may p e rs is t  fo r fiv e  hours and tha t i t  i s  
followed by a  s p e ll  of m ito tic  a c t iv i ty  which la s ts  f a r  only 20 to  30 
m inutes.
The s p e c if ic i ty  of the method i s  evident from the f a c t  th a t only 
c e l l  n u c le i are  lab e lled  and that th is  can he removed completely by 
deoxyribonuclease (Amano e t a l . ,  1959)# Taylor e t  a l .  (1957) in  a study 
of growing bean roo ts have shown th a t one h a lf  of each lab e lled  chromosome 
appears a f te r  m itosis in  each daughter c e ll  w ith an equal amount of new 
unlabelled  chromatino Labelled DNA may be dispersed throughout the 
subsequent c e l l  progeny, but none is  lo s t  from the tis su e  as a  whole.
I t  seems un lik e ly  th a t  there is  any turnover of DNA during c e llu la r  
rep roduction . Da oust e t  a l . (1956) in  a chemical study of —la b e lle d
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DNA in  reg en era tin g  r a t  l iv e r  a lso  noted th a t the M ateria l w&s augmented,
b u t none of th a t  already synthesized m e lo st*
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With H -thym idine, MacDonald e t al*  ( i 960) have demonstrated 
considerable regenerative a c t iv i ty  in  the liv e rs  of oho line-defio ien t 
ra ts*  Autoradiographs o f l iv e r  biopsy m ateria l taken four hours a f te r  
ad m in istra tio n  of thymidine were compared with those of autopsy m ateria l 
obtained ten  days la te r*  Counts of labe lled  nuclei f e l l  by f i f t y  per 
c e n t, but possib ly  due to  d ilu tio n  from fu rther l iv e r  o e ll  p ro life ra tio n  
during  th is  period*
The a c t iv i ty  of enzymes involved in  DNA synthesis has been studied 
by Schneider e t  al*  (i960)* They found th a t in  r a t  l iv e r  a f t e r  p a r t ia l  
hepateotomy th is  a c tiv ity  was increased 27 times and th a t i t  oan be 
abo lished  by ethianine* Bollum and P o tte r (1959) a lso  noted th a t 
p a r t i a l  hepateotomy stim ulated phosphorylation of thymidine and poly­
m erization  of deaxynucleotide, but the exact nature of the enzymes 
concerned i s  unknown*
Studies with other labe lled  nuoleio acid precursors followed by 
q u a n tita tio n  of extracted  DNA have confirmed th a t th is  is  a substance 
which remains s ta b le  for a considerable period a f te r  synthesis* Hecht 
and P o tte r  (1956) used C ^ -a ro tic  acid  in  th is  fashion* a f te r  100 days 
most of -the lab e lled  SNA had disappeared, while almost a l l  the lab e lled  
DNA remained* According to  Swick e t a l * (1956) the l i f e  span of DNA 
in  r a t  l iv e r  n u c le i i s  a t  le a s t 150 days* I t  is  not su rp ris in g , 
th e re fo re , th a t  many labelled  c e lls  were found in  mouse liv e r  e igh t weeks
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after DNA synthesis*
Wilson and Leduo (1948) found th a t the natural growth of hepatie 
t is s u e  in  young mice cannot he explained e n tire ly  on mitotic activ ity , 
e sp e c ia lly  in  the la te r  stage of development* Possibly there  i s  a 
process of am ito tic  reproduction which may also become exaggerated during 
regeneration* T h is , together with the re la tiv e  s e n s i t iv i ty  of auto­
radiography and the re la tiv e ly  b r ie f  periods of m ito tic  a c t iv i ty ,  may 
account fo r  the wide discrepancy between ny autoradiographic r e s u l ts  and 
m ito tic  counts*
The phenomenon of d iurnal rhythm in  DNA synthesis was studied by 
Barnum e t  al* (1958) using P ^ - la b e lle d  precursors* In the young growing 
mouse l iv e r  o e ll  DNA synthesis occurred in  the early  hours of the morning, 
followed by a  wave of m itosis six  to  twelve hours la te r  (conversely the 
syn th esis  of l iv e r  c e l l  ENA and phospholipid occurred in  the evening)*
From th is  i t  might be considered advantageous to  give lab e lled  thymidine 
sh o rtly  before the onset of synthesis* However, the very b r ie f  period 
during which in tra c e l lu la r  thymolytic acid  is  availab le fa r  DNA synthesis 
probably explains the frequent fa ilu re  o f my 9 p*m* in jeo tians*  I t  has 
been noted th a t  synthesis extends oyer several hours and was probably 
s t i l l  in  progress in  my oases a t  9 T*e optimum time for thymidine
ad m in istra tio n  i s  probably somewhat e a r l i e r ,  about 6 a*m*, and th is  is
being used in  subsequent work*
Higgins Anderson (1931) i^  th e ir  de ta iled  account o f the 
technique sequelae of p a r t ia l  hepateotomy in  the r a t ,  described the
-  210 -
f i r s t  h is to lo g ic a l evidence of regeneration 24 hours a f te r  the operation* 
This became maximal a t  the th ird  day and abated gradually  over the next 
week or two, and occasionally  during a longer period* P a r t ia l  hepateotcmy 
i s  u sually  c a rr ie d  out as described by these authors but I  have found i t  
e a s ie r  in  mice to  remove the organ in  p a rts  through a transverse incision* 
Regeneration a f te r  p a r t ia l  hepatectomy involves a l l  t is s u e  oooponents 
of the l iv e r  (Fishback, 1929), but there may be a s lig h t lag  in  formation 
of oollagen in  the walls of blood vessels  (Harkness & Harkness, 1954)*
Blood flow increases during regeneration (Benaoerraf a t a l . ,  1957)* tu t  
the process may not depend on p o rta l blood supply, contrary to  what i s  
gen era lly  supposed (Weinbren, 1933)* Damaged l iv e r  may produce a humoral 
substance w ith the property of stim ulating  c e ll  regeneration . Hurowits 
and Studer ( i 960) found some evidence fo r th is  in  parab io tic  r a t s ,  one of 
which had a  p a r t ia l  hepatectomy. F isher and F isher ( i 960) suggested a 
s im ila r  explanation fo r the enhanced growth of tumour implants in  animals 
w ith  l iv e r  damage* The various phenomena associated  with l iv e r  
reg en era tio n , e sp ec ia lly  th a t induced by p a r tia l  hepatectomy, have been 
reviewed re ce n tly  by Harkness (1957) aDl^  Leevy (1960) .  Harkness s ta ted  
th a t  m itosis i s  most ac tive  in  c e lls  adjaoent to p o rta l t r a c t s ,  bu t my 
autoradiographs have shown a less localized  d is tr ib u tio n  of DNA synthesis* 
Biochemical stud ies on regenerating liv e r a f te r  p a r t ia l  hepatectony 
have shown rap id  synthesis of ENA but very inconsisten t formation of DNA 
during the fou r days immediately following the operation (Novikoff &
P o tte r ,  1948)* Ficq (1959), using labelled  amino-acids to  study 1NA
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s y n th e s is , found depressed metabolism in  iso la ted  l iv e r  o e ll n u c le i 
obtained from r a ts  a f te r  p a r t ia l  hepatectomyJ th is  e ffe c t la sted  fo r 48 
hours* I t  may explain  my observation of s lig h t delay in  uptake of H^- 
thymidine compared w ith tha t in  carbon te trach lo rid e  trea ted  mioe•
Once s ta r te d  the prooess o f DNA synthesis a f te r  the operation probably 
proceeds as in  the normal growing animal* Fresco and Bewdioh ( i 960) , 
using C "^-g lycine and -adenine as precursors of DNA found th a t i t ;  was 
s ta b le  fo r  a t  le a s t  th ree months a f te r  p a r t ia l  hepateotomy*
Following in ju ry  by carbon te tra ch lo rid e , a proportion of regenerated 
l iv e r  c e lls  a re  thought to  possess abnormal nuclear c h a ra c te r is t ic s ,  
e*g*, abnormal p lo id y , r e la t iv e ly  short l i f e  span and a tendency to  
n eo p las tio  change (Hoffman e t a l* , 1956)* Livers with oarbon t e t r a ­
chloride-induced c irrh o s is  show more m ito tic  a c tiv ity  then normal a f te r  
p a r t i a l  hepatectomy, according to  Bartok _et al* (i960)* Grisham e t a l * 
( i 960) noted an increase in  volume of l iv e r  c e ll  nuclei and nucleo li 
a f te r  regeneration* Recently regenerated ce lls  a lso  u t i l iz e  exoessive 
amounts of oxygen *vnd are easie r to grow under tissu e  culture conditions 
(Perkinsan & I rv in g , 1956)* The t r i t i a t e d  thymidine technique could be 
used to  determine the life -sp a n  of these allegedly  abnormal ce lls*  At 
p resen t I  have undertaken to follow the in ten sity  of thymidine uptake in  
in d iv id u a l mice by repeated l iv e r  biopsy• A comparis on is  being made 
between a-wima-in which received the labelled  thymidine during normal 
development with those which were s im ilarly  trea ted  during recovery from
carbon te tra ch lo rid e  necrosis*
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K elly e t  a l*  (1957) studied DMA synthesis in  mouse l iv e r  a f te r  
oarbon te tra c h lo r id e , using P^2-di-sodium hydrogen phosphate as a  label* 
A good uptake was obtained between 30 and 40 hours a f te r  poisoning*
Leevy jet a l * (1959) have used -thymidine for the same purpose but have 
a lso  lim ited  th e ir  observations to the optimum time of uptake* They too 
have found th a t th is  is  maximal a t  36 hours with a gradual f a l l in g  o ff  to  
aero  a t  120 hours a f te r  poisoning*
The r e s u l ts  of the p a r t ia l  hepatectomy experiment are u n sa tisfac to ry  
because of the small number of animals used and because of an inoorreot 
ohoioe of time fa r  the adm inistration of thymidine* I t  is  planned to  
rep ea t the experiment with larger doses of thymidine given a t  periods 
l a t e r  than 36 hours a f t e r  the operation*
SUMMARY
1* T r i t ia te d  thymidine in  a single dose of 1 (io*/g* body weight was 
given to  12 mioe follow ing carbon te trach lo rid e  poisoning* Auto­
radiographs o f l iv e r  obtained 12 hours la te r  showed uptake of thymidine 
in  the n u c le i of newly-farmed c e lls  in  those animals which reoeived the 
t r i t i a t e d  compound not e a r l ie r  than 36 hours a f te r  poisoning*
2* Some anim als rece iv ed  H^-thymidine a t  9 a*m* and others a t  9 p.m. 
More sa tisfao to x y  re s u l ts  were obtained following adm inistration  in  the 
morning*
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3* Twenty-two mioe received the same dose of E^-thymidine in  the 
morning, 36 hours a f te r  oarbon te tra o h la rid e , and were k il le d  at 
in te rv a ls  th ereafte r*  Autoradiographs of liv e r  showed t in ts
(a) la b e ll in g  of l iv e r  parenchymal c e lls  ooours in  a  haphasard 
manner throughout the lobules;
(b) many lab e lled  c e l ls  p e rs is t in  the liv e r  fo r a t  le a s t  8 weeks 
a f t e r  reg en era tio n ;
(o) Subsequent m itosis probably d ilu tes  the lab e lled  DNA in  many 
l iv e r  c e l l s ;
(d) a  high proportion of sinusoidal c e lls  may be lab e lled  a t  an 
ea rly  s tag e  in  recovery* This c e llu la r  a c t iv i ty  extends to  the endo­
th e l ia l  l in in g  of hepatic veins;
(e) the p o r ta l tra c ts  contain many labelled  o e l ls ,  mesenchymal as 
w ell as b i le  duct epithelium*
4* Labelled c e l l  nuclei were g rea tly  in  excess o f, and showed a poor 
c o rre la tio n  w ith , the number of m ito tic  figures*
5 o R adio-A ctivity  of individual sections was measured in  a gas-flow
5counter* The r e s u l ts  gave a good co rre la tio n  with in ten s ily  o f E — 
thymidine uptake as seen on autoradiographs, and a poor co rre la tio n  with 
m ito tic  counts*
6* P a r t ia l  hepatectcmy was carried  out on 9 mice, which received E — 
thymidine 36 hours la te r*  Autoradiographs of remaining hepatic t is s u e  
shovedi
-2 1 4
(a) many negative results suggesting that regenerative activity la  
delayed beyond 36 hours in such oases)
(b) in positive oases# a less intense uptake oonpared with that 
observed in the liver during recovery from oarbon tetraohlaride soaal 
neorosi8)
(o) as in the previous experients, a haphaaard distribution of 
labelled oells throughout the liver lobules and evideaoe of bile duet 
regeneration*
4f l a g  t
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STUDIES WITH S^  -LATffiT.LETT) AMTWQ^ CIDS 
IN EXPERBEMTA.L LIVER DISEASE
An aoooant has heen presented in  P art I I  o f th is  th es is  o f  tbs 
uptake in  mouse liv e r  o f rad io -ac tiv e  sulphur given as -sodium 
sulphate* Autoradiography showed th a t  the element was incorporated in to  
m ate ria l in  c ir rh o tic  fib rous tis su e  and to a  le ss  extent in  the w alls of 
the  la rg e r blood vessels* Very l i t t l e  was deteoted in  l iv e r  parenchyma 
although th is  includes various sulphur-containing organic compounds,  e*g*, 
m ethionine, c y s tin e , g lu tathione and taurine*
35A s tr ik in g  d ifference is  apparent i f  the S isotope of sulphur i s  
given incorporated in  methionine or cystine* The normal l iv e r  parenchyma 
is  then d iffu se ly  lab e lled  in  autoradiographs* This seemed to  affo rd  a 
method fa r  studying the uptake or dep letion  of these amino-acids under 
various experim ental conditions, and p a r tic u la r ly  in  l iv e r  d iseases 
induced by the adm in istration  of substances an tagon istic  to  methionine*
Two methionine antagonists have been s tu d ied , bromobenzene and 
ethionine* The former elim inates sulph-hydryl groups from the tissu e s  
through the production of m ercapturic ac id , whioh is  excreted by the 
kidneys* This con titioned  depletion of methionine is  given as the 
explanation fa r  the cen trilobu lar zonal necrosis  of l iv e r  induced 
experim entally by bromobenzene (Koch-Weser a t  a l* ,  1953)# These authors 
noted th a t the  hepatic damage could be aggravated by fa s t in g , and reduced
— 216 —
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in  se v e r ity  by feeding methionine or cystine* I f  th is  i s  so , i t  i s  a  
d if f e re n t  mechanism from th a t a ttr ib u ted  to  carbon te tra o h la rid e  and many 
o ther l iv e r  poisons which produce the same morphological lesion*
However, I  have observed in  th is  work c e rta in  s tru c tu ra l d ifferences 
between the le s io n  induced by bromobenzene ftwd th a t induced by oarbon 
te tra ch lo rid e*  Cornatzer and Gallo (1956) have, in  ad d itio n , observed 
absence of f a t ty  change in  the l iv e r  damaged by bromobenzene* In  the 
p re se n t work a  comparison is  made between the e ffec ts  of these two 
hepato taxins on l iv e r  methionine and cystine  as demonstrated by auto­
radiography*
The second methionine an tagon ist, eth ionine, causes l iv e r  and 
pancrea tic  degeneration, and occasionally neoplastic change, i f  given in  
sm all amounts over a prolonged period* Larger doses given w ith in  12 
hours are follow ed, especia lly  in  female r a t s ,  by severe f a t ty  liver*
This reg resses gradually a f te r  48 hours unless the dose i s  su ff ic ie n t to  
eause death w ith in  a few days (Farber _et a l* , 1951)* Like bromobenzene 
poisoning, the condition i s  a llev ia ted  by feeding methionine, but oholine 
or o ther lip o tro p ic  fac to rs  are in e ffec tiv e  (ih rber e t a l* , 1950)*
Unlike bromobenzene, ethionine does not deplete the liv e r  of methionine f 
in  f a c t  the le v e l of th is  amino-acid may r is e  concurrently with the 
development of f a t ty  change (Levy e t al*# 1955)* There is  probably 
no dep le tion  of sulph-hydryl groups but in h ib itio n  in  the u t i l iz a t io n  of 
methionine* Consequently, re su lts  d iffe re n t from those of the 
bromobenzene experiments were expected and obtained from autoradiographic
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s tu d ie s  of the liv e r  in  ethionine poisoning*
MATERIALS AND METHODS
Bromobenzene is  a dense v isc id  liq u id  miscible with o i l  but not w ith  
water* I t  was necessary to  d ilu te  i t  to  twenty times i t s  volume w ith 
liq u id  p a ra ff in  in  order to  obtain aoourate measurement of the small non- 
f a t a l  doses required  fo r mice* The o ily  mixture was adm inistered as a  
s in g le  dose by oesophageal tube from a tuberculin  syringe*
Prelim inary stud ies w ith amounts comparable to those used by Kooh- 
Weser e t  a l * (1953) fa r the production of liv e r  damage in  r a t s  had l i t t l e  
or no e ffe c t on mioe* Larger doses were rap id ly  f a ta l  but oaused only 
h ep a tic  congestion* I t  was then discovered tha t a short prelim inary 
period of s ta rv a tio n  p rio r  to poisoning had the desired  e ffe c t of produc­
ing  n a n -fa ta l l iv e r  necrosis . Consequently th is  has been p rac tised  in  
a l l  experiments with bromobenzene, and also  in  control experiments and 
experiments w ith carbon te tra ch lo rid e ; food, but not w ater, was withdrawn 
a t  6 p.m. and replaced the next morning a t  9 a*m* a f te r  the adm in istra tion  
of l iv e r  poison* A ll animals were young male Swiss albino mioe weighing 
20 to  30 g* and fed an Rowett In s ti tu te  Animal Diet No. 86*
D l-ethionine is  a w hite, s lig h tly  waxy powder with an odour s im ila r 
to  th a t  of methionine or casein* I t  dissolves slowly in  warm water 
contain ing  a trace  o f weak a lk a l i ,  such as sodium carbonate* A 1JJ& 
so lu tio n  was prepared in  th is  way*
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Young ad u lt W istar s tra in  female alb ino  ra ts  were given four doses 
of th is  so lu tio n  by in trap e rito n ea l in je c tio n , equally spaced over a 
period of 9 hours* As with bromobenzene, th is  was preceded by a 15 ~ 
hour period  of s tarvation*  Some animals k ille d  early  in  the experiment 
received  fewer than four in jections*
Prelim inary attem pts were made to produoe fa tty  l iv e r  in  mioe w ith 
e th io n in e , given both o ra lly  and by in trap e rito n ea l in jection*  
Unexpectedly, the most s tr ik in g  re su lts  were obtained in  male anim als, 
but being very v a riab le  i t  was decided to confine th is  in v estig a tio n  to  
female ra ts*
35Although the S isotope has a h a l f - l i f e  of 60 days i t  was planned 
to  use the lab e lled  amino-acids without delay a f te r  de liv ery , to  gain the 
maximum e f fe c t  and comparable re su lts  between d iffe ren t experimental 
groups* A ll the experiments w ith bromobenzene or carbon te tra c h lo rid e  
(3 to  12) were ca rried  out a t  the same tim e, and the autoradiographs 
prepared w ith the le a s t  possible delay* The ethionine experiments (14 
to  17) were performed a t  a d iffe ren t time with d iffe ren t samples of 
comparable rad io -ac tiv ity *
-methionine and -cystine  were obtained from the Radiochemical 
C entre, U.K. Atomic Energy A uthority , Amersham. The methionine was 
d isso lved  read ily  in  a few drops o f  isotonic saline and tran sfe rred  to  
a  u n iv e rsa l con ta iner, where i t s  volume was made up to 10 ml* with 
sa lin e*  Cystine was trea ted  in  a sim ilar way with 10 ml* N/lO 
hydrochloric a c id , la te r  neu tralized  with a few drops of N/ 2  sodium
-2 2 0
hydroxide. Both so lutions were stored  &t 5^ C. Dosage was 100 |w t fo r  
r a t s  and v aried  between 25 jic. and 50 pc. fo r nice*
The p repara tion  of autoradiographs from liv e r  sections was s im ila r 
to  th a t  described in  other experiments (Parts I I  and IV). 10$ form alin 
in  70$ ethanol afforded adequate f ix a tio n  without apparent loss of rad io ­
a c tiv e  m a te ria l. In  view of t h i s  p o s s i b i l i t y ,  a few ad d itio n a l 
specimens in  Experiments 3 and 4 were prepared by freeze-dry ing . Small 
blocks of fre sh  l iv e r  were frozen by immersion in  iso-pentane surrounded 
by liq u id  n itro g en . These were then transferred  quickly to  an  Edwards 
t is s u e  dryer and maintained in  vacuo fo r 43 hours surrounded by a sludge 
of so lid  carbon dioxide and alcohol. The tissues were then embedded in  
p a ra ff in  in  vacuo and sections out in  the usual way, pressed on to  s lid es  
w ithout f lo a tin g  on water and fixed with formalin vapour. Autoradio­
graphs were prepared from these . As the re su lt  did not d if fe r  in  any 
way from the preparations which had been fixed in  form ol-alcohol, the 
method was considered to be unnecessary. Both coarse and fin e  g ra in  
s tr ip p in g  film s were used, the exposure times being 85 days. Coarse 
g ra in  p reparations without counterstain  were generally  preferable fo r  th is  
work.
R ad ioac tiv ity  was measured in  m ateria l from a l l  animals in  Experiments 
3 to  12 and 14 to  17. As described previously th is  was ca rried  out in  a 
gas-flow  counter using 6 \x sections mounted on c o v e rs lip s . Attempts 
were made to  weigh these sections an coverslips, but th is  was beyond the 
lim its  of accuracy of the balances availab le to meo The counts were
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r e la te d ,  th e re fo re , to  paper weights of camera lucida drawings of the 
sec tio n s  and then to the weights of the liv e rs  from which the sections 
had been ob tained . This method is  probably inaccurate as i t  f a i l s  to  
account fo r  possib le  v aria tio n s  in  the thickness of sections counted.
A djacent sections from the same blocks of liv e r  were stained  by 
conventional methods. In  the ethionine experiments, frozen seotions 
were obtained from liv e r  fixed in  formol-calcium and embedded in  g e la tin e . 
These were s ta ined  w ith Sudan IV and haemataxylin. An ad d itio n a l block 
of l iv e r  from each animal was fixed in  1$ tr ic h lo ra c e tic  aoid in  80$ 
aloohol and passed to  paraffin  wax. Sections from these blooks were 
tre a te d  by the method of B arrnett and Seligman (l952) fo r the demonstra­
tio n  of sulph-hydryl groups in  t is s u e s .
EXPERIMENT 1
To deternp^e the priTiTmnm effective  dose of bromobenzene in  mice
Twelve mice were used in  th is  experiment. Bromobenzene was given 
d ilu ted  in  liq u id  p a ra ffin  as described and a f te r  prelim inary s ta rv a tio n . 
The amounts of pure bromobenzene varied between 0.025 and 0.25 m l./ 100 g . 
body w eight. D etails  are given in  Table XXXVIII. Mice which survived 
the i n i t i a l  i l ln e s s  were k illed  one or two days a f te r  poisoning and th e ir  
l iv e rs  examined by conventional h is to lo g ica l procedures.
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R esults
These are  a lso  given in  Table XXXVLLI. I t  is  evident th a t a  s u i t ­
ab le  dose follow ing 15 hours* s ta rv a tio n  is  0.05 m l./ l00 g . body w eight.
This was adhered to  throughout subsequent experiments. A descrip tion  of
the l iv e r  le s io n  is  given below (Experiment 2) .
EXPERIMENT 2
To study the  e ffe c ts  of a su itab le  non-lethal dose of bromobenzene on 
mouse l iv e r
Twelve mice each received a single dose of bromobenzene, 0.05 m l./
100 g . body w eight, and were k ille d  a t  in te rv a ls  ranging from 1 hour to  
4 days, as  shown in  Table XXXIX. Blocks of liv e r  from each animal were 
fixed  in  Rossman’s p ic r ic  acid-farm alin-alcohol and passed to  p a ra ff in . 
Sections were s ta in ed  by haemataxylin and eosin , by the periodic ac id - 
S ch iff  technique and by the long Giemsa method.
R esu lts
Compared w ith carbon te trach lo rid e , the onset of i l ln e s s  in  these 
mice i s  more ra p id , being apparent within an hour or two. At th is  stage 
the l iv e r  is  not necro tic  but appears congested. Necrosis may be seen in  
12—hour specimens, especially  on the under surface of the l iv e r .  Necrotic 
areas are  ir re g u la r  in  shape and may be pale or haemorrhagic.  At 24 
hours they are b e t te r  defined but of variab le extent (P igs. 254 & 255) .
The remainder of the liv e r  presents a mottled appearance with exaggerated
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lo b u la r markings as in  carbon te trach lo rid e  poisoning.
H is to lo g ic a lly  there  i s  l i t t l e  of note during the f i r s t  few hours of 
the i l ln e s s o  An ea rly  change i s  seen in  the basophilic m ateria l o f the 
l iv e r  c e l l  cytoplasm; th is  becomes d iffuse and apparently augmented w ithin 
the c e l l s  of the cen trilo b u la r zones (P ig. 256) .  At the same time 
glycogen is  lo s t  from these areas (P ig. 257)*
t
A part from massive necrosis which varied in  extenji from oase to  case, 
some degree of zonal necrosis is  always present in  the remainder of the 
l i v e r .  U sually t h i s  is  cen trilobu lar in  d is tr ib u tio n  but occasionally  
i t  i s  m id-zonal. There may be very s trik in g  mid-zonal hydropie 
degeneration (Fig* 258) but unlike the oarbon te trach lo rid e  lesion  i t  may 
proceed to  mid-zonal necrosis with escape of the cen trilo b u la r c e lls  
(Pigo 259) .  In  other cases, or in  other parts  of the same l iv e r ,  the 
zonal le sio n s  may be extensive (F ig. 260) or may merge with areas of 
massive necro sis  (F igs. 261 to 263)*
H is to lo g ica l evidence of rep a ir i s  evident by the second or th ird  day 
and may a lso  have a mid-zonal d is tr ib u tio n  (P ig . 264)* Massive necrosis  
may p e r s is t  a f te r  healing of the zonal lesion (P ig . 265).
EXPERIMENT 3
To study th<* uptake of S*^-methionine in  normal mioe_
35Five mice were starved fo r 15 hours and then given 1.5 no* S — 
m ethionine/g. body weight by in trap erito n ea l in jec tio n . Subsequently 
they were fed  and k ille d  a t  in te rv a ls , v iz . ,  1,  5* 24. 49 ®nd- 96 hours
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a f te r  the in jec tio n *  Autoradiographs were prepared and r a d io a c t iv i ty  
assessed  as  described*
R esults
35A heavy uptake of S -methionine was evident throughout the l iv e r  
parenchyma in  a l l  specimens (Figs* 266 to 267)* There was no detec tab le  
loss of r a d io -a c tiv ity  over the 4-day period* These v a lu es , toge ther 
with those fo r Experiments 4$ 5$ 6 and 7 are  shown in  Table XL* The 
histochem ical demonstration of su lph-tydry l groups in  the l iv e r  sec tions 
by B arr n e t t  and Seligman’s method was u n sa tisfac to ry  • Only fa in tly  
p o s itiv e  re s u l ts  were obtained compared with con tro l sections o f sk in  
panoreas* Although ca rried  out in  a l l  experiments i t  was obviously very 
in fe r io r  to  autoradiography and warrants no fu rth e r reference*
E&PERIMEHT A
35To study the influence of bromobenzene on S ^-methionine already 
incorporated in  the l iv e r
Ten mice received 1*5 pc* S ^-oeth ion ine/g*  body weight a t  9 a*m* 
Food was withdrawn a t  6 p*m. and replaoed the next morning a t  9 a*a* when 
bromobenzene was given as in  Experiment 1* Animals were k il le d  in  p a irs  
a t  1,  4 ,  8 ,  12 and 24 hours a f te r  poisoning and th e ir  l iv e rs  examined as 
described above*
Results
What was expected was a depletion  of methionine in  the mid—zonal or
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c e n tr ilo b u la r  areas where necrosis would subsequently develop i f  the 
animals had survived* At 1 hour there is  no detectable loss of rad io ­
a c t iv i ty .  At 4 hours i t  i s  ju s t  possible to make out a  s l ig h t  accentua­
t io n  in  the  cen tr ilo b u la r  zone (F igs. 268 & 269) and th is  is  qu ite  
d e f in ite  a t  8 hours and 12 hours (Fig* 270 to  275), being the opposite of 
the  expected re su lt*  Labelled methionine p e rs is ts  even in  the neoro tio  
t is su e  whether of zonal or massive d is tr ib u tio n  (F igs. 274 & 275) although 
i t  may have been depleted in  the surviving viable tis su e .
EXPERIMENT 5
35To observe the uptake of S -methionine by mouse liv e r  already damaged by 
bromobenzene
The procedure of the la s t  experiment was reversed, each animal rece iv ­
ing  bromobenzene before -methionine* The in te rv a l between the two
adm in istra tions varied  from 1 hour to 48 hours, while the animals were
35k i l le d  a t  times which varied from 7 hours to 48 hours a f te r  S ^-aethionine* 
D eta ils  a re  shown in  Table XL.
R esults
As expected, the uptake of the labelled  amino-acid was in h ib ited  in  
the zones of l iv e r  damage, and so the autoradiographs show a reverse 
p ic tu re  to  th a t  obtained from Experiment 4 (Figs. 276 to  285). When the 
adm in istra tion  o f S ^ -m ethionine is  delayed fo r 48 hours a f te r  bromo— 
benzene there i s  a d iffuse uptake which is  ra ther le ss  dense than normal
(Figs. 286 and 287)o
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EXPERIMENT 6
To study the influence of carbon te trach lo rid e  on 
incorporated  in  t te  l iv e r
The procedure was s im ilar to th a t described in  Experiment 4 , w ith 
carbon te tra c h lo rid e  substitu ted  fa r  brcuobenzene* Each n"^-o1 received 
0*2 ml* 40$  carbon te tra ch lo rid e  in  liqu id  p a ra ffin  by oesophageal tube*
R esults
No lo ss  of ra d io -a c tiv ity  is  apparent 1 hour a f te r  poisoning (Figs* 
288 & 289)* T h ereafter, as in  the bromobenzene experiment, a faint 
decrease is  detected  in  the p e rip o rta l zones of a l l  specimens examined a t 
4 , 8 and 12 hours a f te r  poisoning; one of these is  i l lu s tr a te d  (Figs* 290 
& 291)* This fea tu re  is  not apparent in  the 24-hour specimens (Figs* 292 
& 293).
EXPERIMENT 7
To observe the uptake of -methionine by mouse liv e r  already damaged 
by carbon te tra c h lo rid e
The p lan  of th is  experiment was sim ilar to that of Experiment 5# with 
carbon te tra c h lo rid e  substitu ted  fo r bromobenzene*
R esults
These a re  a lso  s im ila r to  those of Experiment 5# the uptake of 
lab e lled  amino-acid being inhib ited  in  the areas of l iv e r  damage* This 
i s  i l lu s t r a te d  in  Figures 294 to  297*
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EXPEftTMF.Tgip Q
To study the uptake of -cystine  by normal mouse liv e r
This was s im ila r  to  Experiment 3 with S ^ -c y s tin e  su b stitu ted  for
35S -methionine* The sp ec ific  a c tiv ity  of th is  sample being slightly less 
than the methionine preparation , each animal received 1*25 po./g* body 
weight* This dose was also  used in  subsequent experiments*
R esults
A d iffu se  uptake is  evident throughout the liv e r  parenchyma* It is
35p a r t ic u la r ly  in tense in  blood c e lls  within vessels* Compared with S -  
methionine i t  seems le ss  concentrated but i s  nevertheless well marked 
(Figs* 298 & 299)* This was so in  a l l  specimens in  the experiment*
The re s u l ts  of the measurement of rad io -ac tiv ity  in  these seotioos 
and in  a l l  others comprising Experiments 9* iO, H  and 12 are shown in 
Table XLI.
EPERIM T 9
35To study the influence of bromobenzene on S —cystine already inoorperated 
in  the l iv e r
This experiment was carried  out as fo r Experiment 4 with cystine 
su b s titu te d  fa r methionine*
R esults
These a lso  a re  s im ila r  to  Experiment 4# i*e*# no change at one hour 
(Figs* 300 & 301), and th e re a f te r  a  r e la t iv e ly  less intense uptake in  the
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p e r ip o r ta l  zones (F ig s . 302 to  309)*
To s tudy th e  uptake of S ^ —cyB tin e  by mouse l i v e r already ^ttmn/ffyd_aby 
bromobenzene
The procedure was sim ilar to th a t in  Experiment 3 with cystine sub­
s t i tu te d  fo r  m ethionine.
R esults
R esu lts  s im ila r  to  those of Experiment 3 sere to  be expected, but the 
opposite was obtained in  every case, i . e . ,  there appears to be a  concen­
t r a t io n  of oystine in  the tissu es surrounding the cen trilo b u la r v e in s , 
even when these have undergone necrosis (F igs. 308 to  311)« In  one 40- 
hour specimen th is  fea tu re  is  not obvious, but i t  i s  a t  le a s t  apparent 
th a t ra d io -a c t iv i ty  i s  no le ss  marked in  the necrotic compared with the 
v iab le  zones (F ig s . 312 & 313)#
EXPERIMENT 11
35To study the  e f fe c t of carbon te trach lo ride  on S -cystine, already 
incorporated  in  the l iv e r
S im ilar to  Experiment 6 , with oystine substitu ted  fo r methionine.
R esults
These were again s im ilar to  the bromobenzene experiment, cystine 
being concentrated in  the cen trilobu lar z q d g s # even when these have become 
n e c ro tic  (F ig s . 314 to  323)*
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EXPERIMENT 12
35To study the uptake of S -cyBtine by mouse l iv e r  already ^aw|ft/Ted by 
carbon te tra c h lo rid e
S im ilar to Experiment 7* with cystine su b stitu ted  fo r  m ethionine. 
R esults
These a re  d iss im ila r  to  Experiment 7 but s im ilar to  Experiment 10, 
io6«, the amino-acid seems to  gain access to  and have an a f f in i ty  fo r  
the zones of l iv e r  damage (F igs. 324 to  327).
A ll r e s u l ts  obtained from these various autoradiographic examinations 
are  summarized in  Table XLII.
EXPERIMENT 13
To study the e ffec t of a su itab le  non-le thal dose of d l-e th io " “t w  on 
r a t  l iv e r
Eight young female r a t s ,  90 to  103 g . in  weight, were chosen fo r  th is  
experim ent. A fter a prelim inary 13-hour sp e ll  of s ta rv a tio n , each 
received 0.03 g . d l-e th ion ine  as already described . For those animals 
not k i l le d  ea rly  in  the experiment, th is  dose was repeated th ree times 
during 9 hours. Rats were k ille d  a t  in te rv a ls  a f te r  the f i r s t  in je c tio n  
ranging from 1 hour to  3 days. D etails are given in  Table XLHI.
R esults
These are  given a lso  in  Table XLIII. S lig h t f a t ty  change was 
evident in  the 12-hour specimens, and was well-narked on the following 
day. I t  appeared to  reach a maximum on the second day (F ig . 328),
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a f t e r  which i t  gradually subsided*
H is to lo g ica l examination confirms the presence of fa t ly  l iv e r  which 
seems to  he most severe in  the p erip o rta l zones (Fig* 329), although f a t  
s ta in s  show a  f a i r ly  d iffuse  d is tr ib u tio n  (Fig. 330)* Fat forms sn a il  
d is c re te  d ro p le ts  in  l iv e r  c e l l  cytoplasm and f a t  oysts are not seen* 
There seems to  be a general reduction in  cytoplasmic basophilio m aterial* 
N ecrosis is  not detected*
EXPERIMENT 14
35To study the uptake of S -methionine by normal r a t  liv e r
Five young female r a t s ,  each approximately 100 g* in  weight* were
35sta rv ed  fo r  13 hours and given 100 pc • S ' -methionine* They were k il le d
a t  in te rv a ls ,  viz<>, 1, 3 , 24, 48 and 96 hours la te r*  Autoradiographs of 
l iv e r  were prepared as described and the in ten sity  of ra d io -a c tiv ity  in  
l iv e r  sec tions counted*
R esu lts
Specimens from a l l  animals showed an intense uptake of methionine 
throughout the liver*  The re su lts  of quan tita tion  of radio —a c tiv i ty  in  
th is  experiment in  Experiments 15* 16 and 17 are shown in  Table 2X17•
EXPSRTMETW 15
35To study the influence of ethionine on S — methionine already
incorporated  in  r a t  liv e r
Seven young female ra ts  were used, weighing 95 to 120 g* Each
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received  100 po. S ^ -o e th io n in e  a t  9 &*m* Food vas withdrawn a t 6 p*m* 
and re s to re d  a t  9 a*m. the following day a f te r  the f i r s t  dose of ethionine. 
The anim als were k i l le d  a t  in te rv a ls  varying from 2 hours to 72 hours 
a f t e r  th is*  D eta ils  are given in  Table XLTV*
R esu lts
Each autoradiograph shows an intense uptake of •methionine whioh
i s  in  no way a ffec ted  by ethionine (Fig* 331)*
EXPERIMENT 16
35To study  the uptake of S -oystine by normal r a t  l iv e r
S im ila r to  Experiment 14, with oystine substitu ted  fa r  methionine*
R esu lts
A uniform uptake of cystine is  apparent in  a l l  animals k ille d  a t 
in te rv a ls  varying from 1 hour to 96 hours a f te r  i t s  adm inistration*
EXPERIMENT 17
35To study  the influence of ethionine on S -cystine already incorporated 
in  r a t  l iv e r
S im ilar to  Experiment 15, w ith cystine su b s titu ted  fo r  methionine* 
R esults
A ll specimens shoe a good uptake of cystine throughout the liv e r*
In  a  few there  appears to  be a s lig h t reduction in  the p e rip o rta l zones, 
bu t probably due to  a ttenuation  of liv e r cytoplasm with f a t  (Fig* 332)*
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DISCUSSION
Methionine and oystine are unique in being the only im portant d ie ta ry  
sources of organic sulphur for p ro te in  synthesis* Studies w ith  S ^ -  
su lphate  have shown th a t  very l i t t l e  o f the isotope becomes incorporated 
in to  tis su e  p ro te in ; in  fow ls, for example, there is  a ready uptake in to  
ta u r in e  and an unknown compound in  fea th e rs , but only 1*5 per oent reaohes
e i th e r  cy stin e  or methionine (Machlin & Pearson, 1956).
35Autoradiography has shown a rapid uptake of S -methionine in to  
t is s u e  pro te ins*  Compared with l iv e r ,  i t  is more intense in  in te s t in a l  
mucosa, pancreas, spleen, kidneys and blood plasma, and less  intense in  
t e s t e s ,  h e a r t ,  b ra in  and s triped  muscle (Friedberg e t  a l» , 1948)* Feed­
ing lab e lled  methionine has given s im ilar re su lts  (Tarver & Morse, 1948)* 
These authors found th a t about 38 per cent of the isotope was exoreted in  
the u rin e  and faeces w ithin  two weeks.
The sulph-hydryl compound, methionine, is  an e sse n tia l amino-acid, 
the lack  of which causes re ta rd a tio n  of growth and a negative n itrogen 
balance which cannot be corrected by cystine (Womack eit a l* , 1937)* In 
th e  l iv e r ,  methionine may undergo a process of demo thyla t  ion and reduction 
to  form homocysteine* Cysteine is  derived from homocysteine through the 
a c tio n  of serine*  This in  turn is  a source of both cystine and 
g lu ta th io n e , the l a t t e r  being compounded from cyste ine , glycine and 
glutam ic acid  • Glutathione is  e ssen tia l for the reduction and 
re -a c tiv a tio n  of various oxidizing enzymes such as co-enzyme A and lip o io
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ac id  con jugates, and for m aintaining tissu e  asoarbio acid  in  a  reduced 
form* I t  a lso  plays a  part in  DNA synthesis and has an important ro le  in  
sp ec ia l circum stanoes, such as the elim ination of heavy metals the 
reduction  of tox ic  e ffec ts  induced by ionizing rad ia tio n  (Barrow, 1953)* 
The importance of methionine as a source of choline has been 
discussed* This i s  brought about by tra n s fe r  of methyl groups to  
ethanolam ine, a  product of serine* Methylation of other substances i s  
a ls o  dependent on methionine, e*g*, creatine and nicotinamide (Marquez 
e t  a l* ,  1955)* Vitamin B12 plays an e ssen tia l ro le  in  these reactions*
In  i t s  absence, there  is  defective choline synthesis with the development 
of f a t ty  l iv e r  (Bennett a t a l . ,  1955)* There is  a lso  fa ilu re  in  
red u c tio n  and re -a c tiv a tio n  of co-enzyme A (Ling & Chow, 1951) •
The d isu lphide compound cystine is  not an e s se n tia l amino-acid as i t  
can be synthesized in  vivo from methionine* Moreover, i t  cannot replaoe 
methionine completely in  the diet* With cysteine i t  forms an important 
ax idation -reduction  system* Like methionine, i t  is  a source of taurine  
and tau ro ch o lic  acid* Both amino-acids, but cystine in  p a r t ic u la r ,  seem 
to  be important in  wound healing  (Williamson & Fromm, 1955)* The muscle 
le v e l  o f methionine f a l ls  during healing, while i t s  hepatic le v e l r i s e s ,  
th e  l iv e r  being the s i te  of i t s  conversion to  cystine (Fromm & B ordlick, 
1958)* Methionine a lso  stim ulates growth of f ib ro b la s ts  in  v i t ro  
(K ie le r , 1954) and, possib ly , the regeneration of l iv e r  a f te r  p a r t ia l
hepatectomy (Hopsu & Harkonen, I960)*
The sulphur-containing intermediary compounds in  the metabolism of
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methionine and o y s tin e , v iz* , homocysteine, cysteine and homocystine, 
have a  very tra n s ie n t ex istence, and i t  seems unlikely  th a t they would 
he rep resen ted  to  any extent in  the liv e r  autoradiographs* Glutathione 
a lso  has a  b r ie f  existence in  the l iv e r ,  although i t  »*»> p e rs is t  fo r  
prolonged periods in  the brain (Douglas & Mortensen, 1956). The hepatio  
le v e l i s  reduced by s ta rv a tio n  or low p ro te in  d ie t (Barford & Eden, 1956), 
which was a  condition of my experiments* Moreover, g lu tathione i s  
p ro te in -fre e  and w ater-soluble and may not be re ta ined  in  h is to lo g io a l 
preparations*
Awapara (1957) gave S ^ -c y s tin e  to ra ts  in  order to study the
metabolism of taurine* Although used in  b ile  s a l t  sy n th esis , the amount
35of th is  substance in  l iv e r  was found to be low* I f  S -tau rin e  is  
in je c ted  in to  r a t s ,  much is  taken up by tissu es  other than the liver*
From these considerations, i t  is  assumed th a t autoradiographs of
35the l iv e r  a f te r  the adm inistration of S ^cystine show mostly cystine
35incorporated  in  the hepatio tissues* A fter S -methionine, a po sitiv e  
image may rep resen t methionine or possibly cystine* The d iffe ren t 
behaviour of the two amino-acids administered a f te r  the induction of 
l iv e r  damage in d ica tes  th a t much of the methionine could not have changed 
to  c y s tin e , a t  le a s t  before i t s  incorporation within the liver*
Albino r a ts  are  generally used in studies with ethionine* Both 
acute and chronic illn e sse s  are described in  these anim als, depending on 
dosage duration  of adm inistration* Only the acute e ffec t of giving 
r e la t iv e ly  large amounts w ithin a short period has been investigated  in
-  235 -
th is  work* Such doses i f  continued fo r a  fu rth e r day or two would 
probably be f a t a l ,  especia lly  in  female animals* Testosterone has a  
p ro te c tiv e  e f fe c t and c as tra tio n  increases the su sc e p tib ili ty  of males 
(Farber e t  a l* ,  1951)* Liver necrosis i s  not evident but Kooh-ffessr e t 
a l .  ( 1951) have demonstrated re ten tio n  of b iliru b in  and bromsulphthalein* 
The chronic i l ln e s s  induced by small repeated doees i s  associated 
w ith  degenerative changes in  salivary  glands, gas tr io  mucosa, l iv e r  • nd 
pancreas* Degeneration of renal tubular epithelium and te s t io u la r  
t is s u e  may a lso  occur (Kaufman e t a l* , 1956). In pregnant r a ts  there 
i s  a  tendency to  abortion and congenital defects in  the foetus (Lee e t  
al** 1956)* An increase in  iron  absorption is  recorded (Kinney e t  al**
1955)* In  the liv e r  there is  parenchymal degeneration, p ro life ra tio n  of 
b i le  duotu lar epithelium , f ib ro s is  and round-cell in f i l tra t io n *  The 
presence of large numbers of small oval c e lls  is  a ch a ra c te r is tic  fea tu re  
(TJngar & Goldberg, 1959); electron  microscopy has shown these to  be of 
cho langio lar o rig in  (Schaffner & Popper, 196l)* The re la tio n sh ip  of th is  
process to hepatic  f ib ro s is  has been discussed in  Part 11* Carcinoma of 
l iv e r  may supervene in  these animals (Popper e t al** 1953; Farber, 1956)* 
I t  has been suggested th a t these degenerative changes in  the l iv e r  
a re  secondary to  the digestive disturbance caused by the pancreatic 
le s io n s  (Laring & H artley, 1955)* tu t  I  have noticed no obvious s tru c tu ra l  
change in  th a t organ by routine h is to lo g ica l examination during the acute 
i l ln e s s *  The therapeutic value of methionine ind icates th a t ethionine 
may a c t  by causing a disturbance in  pro te in  metabolism ra th e r  than by a
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d ir e c t  toxio  a c tio n  on liv e r  ce lls  (S tein  e t  a l . ,  i 960) .  I t  seeaa 
probable th a t  the acute e ffeo t involves the in h ib itio n  of the tran sn e th y l- 
a t in g  property of methionine. In add ition  to th is ,  ethionine deoreases 
b u ty ra te  and pyruvate oxidation with in h ib itio n  of ketogenesis (Recant,
1956). There i s ,  however, no evidence of any e ffeo t on Krebs oyole 
enzymes to  explain  diminished ketogenesis (Fischer & Reoant, 1936).
Sidransky and Farber (1956) gave various labe lled  amino-aoids,
35includ ing  S -m ethionine, to  ra ts  followed by d l-e th ion ine , hut 0 an fined 
th e i r  observations to  the pancreas. The methionine content of pancreas 
was increased by ethionine and there appeared to  be no in h ib itio n  in  
p ro te in  sy n th es is , a t  le a s t during the f i r s t  24 hours. However, one of 
these authors has found in h ib itio n  of liv e r  pro tein  synthesis w ithin a 
fiv e -h o u r period (Farber, 1955 )•
The r e s u l ts  of the present work have demonstrated th a t ethionine 
does no t appear to  deplete the liv e r of sulph-bydryl or di-sulphide 
groups while e ffec tin g  the development of fa tty  change. I t  confirmed 
th a t  methionine need not be lo s t from the liv e r although i t s  ro le  in  
transm ethylation  is  impaired.
The re la tio n sh ip  of pro tein  metabolism to liv e r  necrosis as d is tin o t 
from fa t ty  change i s  one of considerable complexity• In  s p ite  of early  
re p o rts  by Opie and Alford (1914* 1915) which claimed a b en e fic ia l e ffeo t 
from h igh carbohydrate d ie t in  liv e r  necrosis and a deleterious e ffeo t 
from lvigrh f a t  and h igh pro te in  d ie ts , a high intake of p ro te in  has com 
to  be regarded as therapeu tica lly  valuable, e.g«, Messinger and Hawkins
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(1940). Reduction in  plasma protein by pl&sm&ifoaresis increases the 
s u s c e p t ib i l i ty  of dogs to  chloroform poisoning (M iller & Whipple, 1940). 
With regard  to  ind iv idual amino-acids, a special claim has been made for 
m ethionine as a  valuable agent in  reducing the severity  of l iv e r  damage, 
both in  experim ental animals  and in  man with n a tu ra lly —occurring d isease , 
e . g . ,  B e a ttie  e t  a l .  ( 1944)5 B eattie  and Marshall ( 1944)5 Eddy (1945). 
Subsequently, some doubt has been cast on i t s  therapeutio value, 
e sp e c ia lly  in  v i r a l  h e p a tit is  (Popper e t a l .  1948)5 indeed, excessive 
ad m in istra tio n  can be dangerous by p rec ip ita tin g  hepatic ocma (Phear et 
a l . ,  1956).
Excessive doses of methionine might be of value in  the elim ination 
of seme sp ec ific  toxic substance such as bromobenzene or molybdenum 
(van Reen & W illiam s, 1956) but these are exceptional cases.
Brunschwig e t  a l .  (1945) believed th a t sulph-hydryl groups which protected 
ag a in s t the s e v e rity  of chloroform liv e r  damage in  dogs need not be 
adm inistered as m ethionine, since sodium thioglyoollate was equally 
e f f e c t iv e .  Eger (1951 j 1956) found methionine prophylactic in preventing 
l iv e r  damage from a l ly l  alcohol but of no value i f  given a f te r  the 
development of l iv e r  necrosis 5 cystine however was b enefic ia l before or 
a f te r  the development of the lesion .
Conversely, i t  is  claimed that liv e r  necrosis may be produoed by 
d ie ts  d e f ic ie n t in  p ro te in , and especially  sulphur-containing amino-acids. 
A d ie t  completely fre e  from prote in  causes haemorrhagic zonal necrosis 
of the l iv e r  in  young r a t s , preventable by the addition of casein in
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6X0883 of 2 per oent but aggravated by oystine (Vaohstein & Seiners,
I960). Weichaelbaum (1935) produced liv e r  necrosis in  r a ts  w ith a 
c y s tin e -d e f ic ie n t d ie t*  On the other hand a d ie t with a gross 
d isp ro p o rtio n  of amino-acids, and p a rtic u la rly  with an excess of oystine, 
i s  a lso  neorogenic. Earle and Kendall (1942) produced a p e rip o rta l type 
of zonal n ecro sis  by feeding a d ie t ,  5 to  10 per oent of which was cystine, 
or w ith 13 per cent as cysteio aoid* Extra methionine, however, appears 
to  be harm less and can protect against the damaging e f fe c t of excessive 
c y s tin e . The complete absenoe of choline may also  be benefic ia l in these 
circum stances (Handler & F o ll is ,  1950).
The explanation of a l l  these phenomena is  uncertain . Gyargy et a l .  
( 1946) suggested th a t the benefic ia l e ffect of methionine lay in its  
l ip o tro p ic  p roperty , as fa tty  liv e rs  are unduly susoeptible to various 
noxious f a c to rs .  However, in  many cases of dietary  n ec ro sis , fatty 
change i s  not a fe a tu re , and i t  is not apparent in  bromobenzene poisoning. 
Dioguardi and Seochi ( i 960) have found a decrease in r a t  l iv e r  o e l l  mito­
chondria in  cytochrome oxidase a c tiv ity  in  protein deficiency which 
are  reversed  by the re tu rn  to  a normal d ie t.
Recent work on d ietary  liv e r necrosis has thrown considerable doubt 
on the importance of amino-acid deficiency in  th is  condition. The 
co n d itio n , as f i r s t  described by Weicbselbaum (1935) *®y be produced in 
young weanling ra ts  fed on a low pro te in , high f a t  d ie t ,  with yeast as 
the source of p ro te in . Liver necrosis appears a f te r  a latent period of 
about s ix  weeks; i t  is  massive and often haemorrhagic in type, affecting
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the le f t  8ids of liver more than the right* It may lead to fatal hypo*
glyc&emia or he followed by healing with gross scarring of the liver*
The a d d itio n  of methionine or oystine to the d ie t during the la te n t  
period can be prophylactic*
Himsworth and Glynn (1944) suggested th a t the uneven distributiflm 
of n ec ro sis  oould be explained by a dual blood supply in  the portal vein* 
the r ig h t  s ide  of l iv e r  receiving superior mesenteric venous blood and the 
l e f t  rece iv in g  splenic and colonic blood with a greater deficiency of 
amino-acids* Gyargy (1951) suggested th a t the l e f t  side might receive a 
b a c te r ia l  tox in  from the colon, as s te r i l iz a t io n  of the bowel with 
aureoaycin  helped to  reduce the severity  of the lesio n . However, 
and P richard  ( l9 5 l)  have studied portal venous blood flow within the liver 
by s e r i a l  angiography, using th o ro tra s t, and have found no evidence for a 
dual blood supply. Cole e t  a l .  (1956) in jected  rad io -active  rose hengal 
in to  the various sources of portal blood in dogs and found th a t its  
lo c a liz a tio n  in  the liv e r  did not depend on the s i te  of inoculation.*
I t  was noted that success in  the production of liv e r  necrosis 
depended on the type of yeast employed in  the d ie t of experimental animals * 
Gyargy and Hose (l$5C) had positive re su lts  with I - is ti l le r s  Company y eas t 
obtained from th is  country, but bad no success with various American 
yeasts*  Some brands of yeast appear to  contain a fac to r ("fac to r 3**) 
which p ro te c ts  the liv e r  against the development of necrosis . fbc 
second of the three fac to rs  with a sim ilar property (the f i r s t  being 
su lphur-containing amino-acids) is  vitamin E. This has been investiga ted
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during th e  six-week la te n t period between the s ta r t  of the experiment 
and the development of necro sis . During th is  time the liv e r  is  g rossly  
normal but there i s  impairment of certa in  funotions such as bromsulph- 
th a le in  excretion  (Linder a t a l . ,  1953)* Fine granules with a tendency 
to  c a lc ify  appear in  the liv e r c e ll  cytoplasm (F ite , 1954) and are 
probably of m itochondrial origin (Picoardo & Schwarz, 1958). Cherniok 
e t  a l .  ( 1955s) demonstrated inh ib ition  in oxygen consumption by liv e r  
s l ic e s  taken during th is  period , a phenomenon which seems to  be peouliar 
to  th is  type of l iv e r  le s io n . In  add ition , the inh ib ition  of keto­
g en es is , lipogenesis  and oxidation of acetate  can be demonstrated. The 
m etabolic upse t can be reversed i f  vitamin £ is  added to the d ie t  before 
l iv e r  s l ic e s  a re  obtained (Roseoan e t  a l . ,  1955)» but there is  also  a 
depression  of co-enzyme A a c tiv ity  which remains (Chemick e t  a l . ,  1955b). 
As v itam in  £ prevents th is  type of liv e r  necrosis, i t  seems th a t the 
pathogenesis of the lesion  may be independent of the levels of co-enzyme 
A in  the l iv e r .
Vitamin E may have some protective influence on liv e r  necrosis in  
general (Schwarz, 1944) and i t  is  claimed to  reduce the in ten sity  of 
carbon te tra c h lo rid e  necrosis (Hove & Hardin, 1951) • instance of
la te n t  d ie ta ry  l iv e r  necrosis i t  has no action on liv e r  s lices  in  v itro  
(Mertz & Schwarz, 1959), but is  very effective in  vivo, especially  i f  
given in travenously  and in  the form of a-tocopherol. Apparently, th is  
i s  converted to  some active  metabolite a f te r  in jec tion  (Rodnan e t  a l . ,
19565 Green a t  a l . ,  I960).
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Factor 3 has been iso la ted  from c e r ta in  brands of yeast a ls o  
from case in  d ig ests  and pork kidney (Schwarz, i 960) .  I t  is  an arganie 
w ater-so lub le  compound smelling of g a r lic  as i t  contains selenium; i t s  
a c t iv i ty ,  in  p a r t  a t  l e a s t ,  depends on the presence of th is  elem ent. I t
appears to behave as a vitamin and only tra ce  amounts of the pure 
m a te r ia l, v i z . ,  0 .1  pg», can p ro tec t ra ts  against f a t a l  l iv e r  n e c ro s is .
I t  i s  possib le  th a t  grossly excessive amounts would be toxio as are  large 
doses o f inorganic selenium compounds (Maxon & Rhian, 1943; S e lle rs  e t  a l . .  
1950; Halverson & Monty, i 960) ,  but th is  is  a feature oommon to  many v i ta ­
mins and other d ie ta ry  co n s titu en ts . Schwarz has found th a t traces  of 
fa c to r  3 can be recovered from samples of methionine and cy stin e . Once 
freed  from th is  contamination they lose th e ir  a b i l i ty  to  p ro tect r a ts  
aga inst the development of l iv e r  necro sis .
Deficiency o ffac to r 3 seems to have d iffe re n t e ffec ts  on d if fe re n t 
species of anim als, and liv e r  necrosis may be pecu lia r to  small roden ts. 
Even in  mice as compared to  r a t s ,  the l iv e r  lesion  i s  often  le ss  severe 
than fo c i of damage elsewhere, especially  in  the myocardium (Schwarz,
1958). The same deficiency may in h ib it growth in  ch icks, and may be the 
cause of ”s tiff- lam b  d isease” and "white muscle d isease” in  calves (Muth 
e t  a l . ,  1958; P roctor e t a l . ,  1958 -  quoted by Schwarz, i 960) .  Rabbits 
fed s im ila r d ie ts  develop c irrh o s is  of l iv e r  without gross l iv e r  necrosis
(Rich & Hamilton, 1940).
Factor 3 seems to  a c t separately  from vitam in E as one cannot rep lace
the o th e r; however, fo r the successful production of d ie ta ry  liv e r
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necrosis in  r a t s ,  both should be absent from the d ie t .  The presence of 
methionine or cystine i s  immaterial provided they a re  not contaminated 
w ith fac to r 3 . I t  is  suggested (Schwarz, 1958) th a t  both ac tiv a te d  v ita n in  
E and fa c to r  3 a re  c a ta ly s ts  in  a lte rn a tiv e  pathways fa r  the tra n s fe r  of 
e lec trons and, when both are absen t, there is  a breakdown of oxidation 
fu n c tio n s , esp ecia lly  oxidative phosphorylation. This develops during 
the la te n t  phase of the d isease . What p re c ip ita te s  the acute necrosis 
i s  unknown, but the vascu lar reac tio n  suggests blockage of the e ffe re n t 
blood flow in  large areas of the l iv e r .
During th is  la te n t period in  d ie ta ry  l iv e r  n ec ro s is , ind iv idual 
members of the Krebs cyole, used as su b stra te s , may increase the oxygen 
consumption of liv e r  s lic e s  but f a i l  to h a lt the development of r e s p ir a t ­
ory decline (Chemick e t  a l . ,  1955a)* The metabolic lesion i s  probably 
a  defect in  the regeneration of co-enzymes such as pyridine nuo leo tides, 
f la v in  nucleotides or adenosine triphosphate . The add ition  of ATP or 
d ipyrid ine-nucleo tide h a lts  the resp ira to ry  decline of these l iv e r  s l i c e s .  
While co-enzyme A may be depleted i t  is not re la te d  to th is  re sp ira to ry  
fa i lu re  and is  unaffected by vitamin E or fac to r  3* The ad d itio n  of 
methionine to  ra ise  the co-enzyme A level in  the liv e r  could not be 
expected, th e re fo re , to  influence the basic le s io n .
While these re su lts  re la te  to what may r e a l ly  be a  p ecu lia r d isease 
of sn a il  roden ts, they throw some doubt on the value of su lphur-containing 
amino-acids in  liv e r  d isease generally . M ethionine-deficient f a t ty  
l iv e r  seems to  be an estab lished  e n tity  and so the e ffe c ts  of substances
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such as eth ion ine  and methionine e tb y le s te r  (Feher e t  a l . ,  I960) which 
block the transm ethylation process can be understood re a d ily . The 
cannot be sa id  fo r those toxins which are  a lleged  to cause l iv e r  n ecrosis  
through the d es tru c tio n  o f sulphur-containing am ino-acids, such as bromo— 
benzene and tr in itro to lu e n e  (Himsworth & Glynn, 1942) .  Jty experimental 
r e s u l ts  show th a t the d is tr ib u tio n  of zonal necrosis  is  not determined 
d ire c tly  by the loss o f organic sulphur from the same zones; in  f a c t ,  i f  
th ere  i s  any lo s s , i t  is  from the areas of liv e r  which survive the tax io  
e f fe c t  of bromobenzene. I t  could be argued th a t bromobenzene may be l ik e  
carbon te tra o h lo r id e , causing damage to  p e rip o rta l c e l l s ,  w ith  necrosis 
as a  secondary phenomenon due to  ischaem ia. However, I  have been unable 
to  demonstrate loss of organically-bound sulphur before the onset of 
ce n tr ilo b u la r  degenerative lesio n s , such as loss of glycogen. According­
ly ,  i t  may be th a t brcmobenzene has a d ire c t toxic ac tion  on l iv e r  c e lls  
which is  independent of any loss of methionine or cystine . I f  th is  i s  
so , there is  probably s t i l l  some difference between i t s  ac tio n  and th a t 
of carbon te tra c h lo rid e , since there are morphological d ifferences 
between the two types of lesion . Schwarz (1958) has suggested th a t in  
the massive necrosis of vitamin £ and fac to r 3 deficiency there  i s  a 
block in  the e ffe ren t p art of the hepatic vascular system which determines 
the ex ten t o f the le s io n . Possibly, bromobenzene may be responsib le fo r 
a s im ila r vascular re a c tio n .
Bromobenzene forms mercapturic acid  by i t s  ac tion  an cysteine 
(Koch-Weser e t  a l . ,  1953)* As already noted th is  is  a metabolic product
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of m ethionine, while cystine  can be rev ers ib ly  converted to  cysteine by a 
reduction—oxidation procedure. I t  was to  be expected, th e re fo re , that 
autoradiography would show a depletion of both amino-acids by bromo­
benzene. The fa c t th a t oarbon te trach lo rid e  had the same e ffeo t on 
oystine and possibly a lso  on methionine throws some doubt on the 
s p e c if ic i ty  of these re s u l ts .
This work has shown also  th a t while methionine is  incorporated in to  
v iab le  l iv e r  parenchyma, cystine is  taken up p re fe re n tia lly  by degenerat­
ing and n eo ro tic  m a te ria l. The explanation fo r th i s ,  from what i s  known 
of p ro te in  synthesis is  not apparent#
A d efec t in  th is  work has been the fa ilu re  to obtain consisten t 
r e s u l ts  from q u an tita tio n  of rad io -ac tive  m ateria l in  tis su e  sec tio n s .
I t  is  d i f f i c u l t  to weigh de-paraffin ized sections as these must be mounted 
on co v er-s lip s  which takes them beyond the range of mioro-balanoes •
I t  i s  my in ten tio n  to  repeat th is  work using la rg er q u an titie s  of 
desiccated  l iv e r  which could be assessed in  a s c in t i l la t io n  counter. 
A lte rn a tiv e ly , a chemical estim ation could be made of sulphur-containing 
amino-acids from portions of liv e r  and re la te d  to autoradiographs from 
other p a rts  of the same organ. I t  would a lso  be of in te re s t  to 
in v es tig a te  fu rther the apparent lack of sp e c if ic ity  in  the results by 
the use o f add itional l iv e r  poisons.
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SUMMARY
lo  L iver necrosis  was produced in  mice by the o ra l adm in istra tion  of 
bromobenzene following a short period of s ta rv a tio n . The lesion  
consisted  of c en trilo b u la r or mid—zonal necrosis and a v ariab le  degree o f 
massive n e c ro s is .
2 .  Autoradiographs were prepared from liv e r  sections follow ing th e  
in tra p e rito n e a l in jec tio n  of -methionine and S ^ -c y s t in e .  The 
maximum s i t e s  of l iv e r  damage induced by bromobenzene were not depleted 
of e ith e r  amino-acid, but there appeared to  be some loss from p e rip o rta l 
hepatic t is s u e s  which remained v iab le .
3« As a  s im ila r  r e s u l t  was obtained with carbon te tra c h lo rid e ,  i t  may 
be th a t those changes detected by autoradiography are not sp ec ific  fo r 
bromobenzene poisoning, although th is  substance is  alleged to  damage the 
l iv e r  by the removal of sulph-hydryl compounds.
4 .  -methionine given to  mice already suffering  from bromobenzene or
carbon te tra ch lo rid e  poisoning was taken up mainly by v iable p e r ip o rta l
35hepatic  t is s u e . By co n tra s t, S ^-cystine was taken up p re fe re n tia lly  by 
damaged or n ec ro tic  t is s u e .
5 .  F a tty  liv e r  was produced in young female r a ts  by the adm inistration
of d l-e th ion ine  over a twelve-hour period , following a b r ie f  s p e ll  of
35 35s ta rv a tio n . Autoradiography showed no loss of S -methionine or S —
c y stin e  in  such cases.
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6# Q uan tita tion  of ra d io -a c tiv ity  in  l iv e r  sec tio n s , naiwg a  gas—flow 
co u n te r, f a i le d  to  show a co rre la tio n  with the autoradiographic f in d in g s . 
This was probably due to  e rro rs  in  the assessment of the masses of tissu e  
so analysed .
7* These re s u l ts  are discussed in  re la tio n  to  cu rren t knowledge concern­
ing the ro le  of sulphur-containing amino-acids in  l iv e r  d isease . I t  
would appear that*
(a) eth ionine may in te rfe re  with the m ettyl-donating ro le  of 
m ethionine and oause fa tty  liv e r  without depleting the tissu es  of orgBnio 
su lphur-contain ing  compounds;
(b) l iv e r  necrosis  in  bromobenzene poisoning may depend on fac to rs  
o ther than dep le tio n  of sulphur-containing amino-acids. Reosnt work 
on d ie ta ry  l iv e r  necrosis has shown th a t the absence of these amino-acids 
may be unimportant in  the production of l iv e r  damage.
±cxsatmx^nm&
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P A R T  I
HEPATIC LESIONS IN INFANTILE GASTRQ-ENTERITIS
TABLES I  to  XXII
FIGURES 1 to  90
TABLE I
C l i n i c a l  D ia g n o s is  i n  177 C ases i n v e s t i g a t e d  by L iv e r  B iopsy
D ia g n o s is Number D ia g n o s is
1 , G a s t r o - e n t e r i t i s  a lo n e 6k 3* I n f e c t io n s  o th e r  th a n  G a s t r o - e n t e r i t i s
2 . G a s t r o - e n t e r i t i s  and P a r e n t e r a l  I n f e c t i o n (a )  Upper r e s p i r a t o r y  i n f e c t io n  e x c lu d in g  o t i t i s 5
(b ) O t i t i s  m edia k
(a )  U pper r e s p i r a t o r y  i n f e c t i o n  e x c lu d in g  o t i t i s 2k (c )  Pneum onia 5
(b ) O t i t i s  m edia 3 (d ) M easles 1
(c )  Pneum onia Ik (e )  P y u r ia 1
(d ) M easles 1 ( f ) W hooping-cough 1
(e )  P y u r ia k (g ) P rim ary  tu b e r c u lo s i s  (Pulm onary) 3
( f )  S k in  s e p s i s 3 (h ) C o n g e n ita l s y p h i l i s 1
(g )  C o n j u n c t i v i t i s 1 ( i )  D y sen te ry 2
(a )  + (b ) 9 ( j )  M e n in g it is 1
(a )  + (e ) 1 (k ) S ta p h y lo c o c c a l s e p tic a e m ia 2
(a )  + ( f ) 1 (1 ) V i r a l  h e p a t i t i s 1
(a )  + Cg) 1 (a )  + (e ) 1
(a )  + ( f )  + (g ) 2 (a )  + ( i ) 1
(b ) + (c ) 1 (a ) + (b ) + (e ) 1
(b ) + ( f ) 1 (b ) + ( i ) 1
(b ) + (c )  + ( f )  + (g ) . 1 67 (c )  + ( i ) 1
k 0 N o n - in fe c t iv e  c o n d it io n s
(a )  Wrong fe e d in g 9
(b) H irsch p ru n g * s  d is e a s e 1
(c ) No a b n o rm a lity  d e te c te d k
Number
32
Ik
T o ta l  number o f  c a s e s  -  177
Fig# 1# S i te  in  l iv e r  of biopsy- 
performed 7 days befo re  death#
H. & E. X 7i.
Fig# 2# S ite  of l iv e r  biopsy# The needle tra c k
i s  f i l l e d  with f ib r in  and surrounded by n e c ro tic
l iv e r  tissu e#  „  f „ v ^H» & E# X 60#
TABLE I I
Numbers of L iver Examinations i n  177 In fa n ts
B iopsies in  
one p a t ie n t Autopsy
Number of 
p a t ie n ts
T o ta l
exam inations
6 08 1 6 X 1  * 6
5 mm 4 5 X 4  * 20
4 + 1 5 X 1 -  5
4 m 16 4 X 16 « 64
3 + 1 4 X 1 * 4
3 mm 27 3 X 27 * 81
2 + 8 3 X 8 « 24
2 - 41 2 X 41 * 82
1 + 16 2 X 16 -  32
1 - 62 1 X 62 « 62
177 380
T o ta l l iv e r  biopsieB  354 
T o ta l au to p s ie s  26
m ssm st
m w m
Fig# 3* L iver b iopsy specimen* F a t ++++
Osraic Acid X 32#
Fig* 4» L iver b iopsy specimen* F at ++++ 
Sudan XV & Haeraatoxylin X 90#
Fig* 5» L iver b iopsy specimen# F a t ++-H- 
Sudan IV & Haematoxylin X 310#
F ig . 6# L iver biopsy specimen. 
F a t ++++. H. & E. X 124#
mm
Fig# 7» F a t +++ 
Osmic Acid X 37 •
'$$$*}' mmss/T
Fig# 8® F at +++ 
Osmic Acid X 41*
F ig . 9® Fat +++
Sudan IV & Haemataxylin X 90.
F ig . 10. Fat +++
H. & E . X 94*
: • '  w • f  ' -  •■■>■ ■ .■ ■ .V ifz " "  *■;■ -y' - ^
Fig# 11# F at ++ Fig# 12# F at ++
Osmic Acid & S afran in  X 42# Osmic Acid X 70#
EM I
Fig# 13# L iver au topsy  specimen* Fat++- 
Osmic Acid & S afran in  X 65#
r.r ' . '  -  -  '
*• t v:\ '••■ •:.,»•
" • • •• ' ■ v • . .
_______ • j. ••./ /
Fig* 14* F a t +
Osmic Acid & S a fran in  X 42*
Fig* lp* F a t +
Osmic Acid & S afran in  X 64
F ig . 16* F at +
Sudan IV & Haematoxylin X 310*
Fig« 1? • Pa-t + 
H • & il* e X 95 •
’•> v'jtffxt} 
’.*• : • «
%*0 K ' f . f r  fs-H
•» •/• ' •:' -j. 1 .-• % > ,
Fig# 19 • P a t -  
H. & lie X 144-
Pig# 18# F at t  
Osmic Acid & S afran in  X 77*
Fig# 20# F a t O 
Osmic Acid & S a fra n in  X 55*
H S H
Fig# 21# F a t O
H# & E. X 85#
Fig# 22# Liver biopsy specimen# F at m ainly 
c e n tr i lo b u la r  in  d is tr ib u tio n #
Osmic Acid & S afran in  X 67 .
Fig# 25# L iver biopsy specimen# C en trilo b u la r 
d is t r ib u t io n  of fa t#
Sudan IV & Haematcocylin X 125#
m & M
,1
m s s m ?
MM 1&M
Fig# 24# Liver au topsy  specimen# H. & E e X 77*
Fig# 26, Liver autopsy specimen# H* & E# X 102#
Fig# 25# The same specimen as  
shown in  F igure 24 s ta in ed  by 
osmic acid* X 77*
% .. $ ■< * .• • • ' -•« VV*
•i* * * * .,V/* » ' ••• •<♦'•••■ •- ... V • . : . . r. ;• •*• I.-* * . ’•• .• 4 •4 -*  "*■'.  .  * ,  . *" •*? * *k 1 * -i* * y .  •
* -•»* • ' '*•.■ .  » . *r.'• -w : ;;.vv- - *•- *
” v  . v
Fig# 27# The same specimen as  
shown in  F igure 26 s ta in ed  by 
osmic acid# X 102#
M l | #fkg^ips
Vi'*-
F ig . 28. S ec tio n  f ra n  r ig h t  lobe of l i v e r .
H. & E. X 70.
F ig .  29 . S ec tio n  from l e f t  lobe of the same l i v e r .
H. & E. X 70*
Fig# 30# Liver b iopsy specimen# 
N ile b lue  su lp h a te  X 173*
Fig# 31 • Liver autopsy specimen# 
Nile blue su lphate  X 95®
TABLE I I I
Numbers o f Cases c la s s i f ie d  to  show the  R e la tio n sh ip  
of F a tty  Change in  L iver to  Age ( a t  tim e o f f i r s t  
B iopsy) and to  Sex
Age 
(weeks )
Numbers of p a t ie n ts
A ll casesL iver
f a ts ++++ -H-+ ++ +
+cm 0
Sext M F M F M F M F M F M F M F T ota l
0-5 0 1 0 1 0 2 5 0 5 4 7
6-10 2 5 1 2 2 1 5 0 10 6 16
11-15 0 6 4 4 6 4 4 0 0 1 14 15 29
16-20 1 0 1 2 6 5 2 0 0 2 0 1 10 8 18
21-25 1 1 9 8 5 2 1 2 0 1 1 0 17 14 51
26-50 2 1 4 7 5 1 0 4 1 1 4 0 16 14 50
51-55 1 0 0 2 2 0 2 0 5 2 7
56-40 0 2 2 1 4 0 1 2 1 1 8 6 14
41-45 1 1 0 2 1 1 2 4 6
46-50 l 1 4 0 5 1 6
51-55 0 2 1 0 1 1 2 5 5
56-60 1 0 1 0 1
61-65 2 1 1 0 5 1 4
66-70 0 1 0 1 1
71+ 2 0 2 0 2
T o tal
1
4 4 18 27 29 18 14 15 11 10 22 5 98 79 177
TABLE IV
Numbers of Cases c la s s i f ie d  to  show the R e la tio n sh ip  between 
F a tty  Change in  L iver and C lin ic a l D iagnosis ( a t  time 
o f f i r s t  Biopsy)
Numbers o f p a tie n ts
D iagnosis
F a t
++++
F at
+++
F at
++
F at
+
F j t Fat
0
T o ta l
p a tie n ts
G a s tro -e n te ri  t i s  
a lone 6 15 25 9 7 4 64
G a s tro - e n te r i t i s  
w ith  p a re n te ra l  
in fe c tio n 2 25 14 12 10 4 67
In fe c tio n s  o th e r 
th an  g a s tro ­
e n t e r i t i s 0 5 8 4 9 6 52
N on-in fec tive
cases 0 0 0 4 2 8 14
T otal 8 45 45 29 28 22 177
TABLE V
F a t t y  Change i n  L iv e r  r e l a t e d  to  C l in i c a l  D ia g n o s is  ( a t  Time o f  a l l  E x a m in a tio n s)
D i a g n o s i s
L iv e r
f a t : ++++
Exam in­
a t io n :  1 s t  2 nd 3 r d  4 t h  5 t h
+++
1 s t  2 nd 3 r d  4 t h  5 t h
++
1 s t  2nd 3r d  4 th  5th 1 s t  2 nd 3 r d  4 t h  5 t h 1 s t  2nd 3r d  4 t h  5 th 1 s t  2 nd 3r d  4 t h  5 t h  6 t h
T o ta l
examin­
a tio n s
G a s t r o ­
e n t e r i t i s
a lo n e
G a s t r o ­
e n t e r i t i s  
w it h  p a r ­
e n t e r a l  
i n f e c t i o n
I n f e c t i o n s  
o t h e r  th a n  
g a s t r o ­
e n t e r i t i s
N on-
i n f e c t i v e
c a s e s
T o t a l
6 2 1 5  1 4  3  1 23  1 3  9 1 1 9 7 6 9 7 4 9 2 1 4  8 6 4  2 1
2 5  1 25  12  6 1 1 1 4  16  3  1 12  1 4  5 2 10  11  4 4  1 1
5  1 1 8 1 1 1 4  4  1 6 2 1
8 7 1 4 5  2 7  10  2 1 45 30 13 2 2 2 9  2 5  12  11
2 1 1 1
28 16  1 4  3 1 22 11 8 4 2 1
1 6 7
1 5 1
45
1 7
380
i
Fig* 32. Case No. 18. F i r s t  
l iv e r  biopsy* 6 th  day of 
i l ln e s s *  Fat +++
V.G. X 118.
Fig* 3 3 • Case No. 18* Second 
l iv e r  biopsy* 21st day of 
i l l n e s s .  F at ++++ V<Q< x
F ig*  34* Case No. 18. T hird  l i v e r  
b io p sy *  43rd day of i l l n e s s *  F at +++
V*G. X 118.
F ig . 35* Case No. 18. Fourth l iv e r  b iopsy . 
63rd day. Fat + V.G. X 118.
F ig ,  36. Case No. 18. F if th  l iv e r  biopsy. 
92nd day. Fat 0. V.G. X 118.
T1BLE VI
D egree o f  F a t ty  Change i n  L iv e r  r e la t e d  to  
D u ra tio n  o f  I l l n e s s  i n  Days
Mean d u r a t io n  o f  i l l n e s s  (d a y s ) O v e r - a l l
D ia g n o s is
F a t
++++
P at
+++
P a t
++
F a t
+
F at
+
F a t
0
mean
d u r a t io n
(d a y s )
Gas t r  o - e n t  e r i  t  i s  
a lo n e
S u r v iv o r s  
F a t a l  c a s e s
3 4 (5 )
2 4 (1 )
27( 10 )
6 (3 )
3 4 ( H )
3 1 (7 )
30 ( 4 )
30 ( 1 )
22( 5 )
23 ( 1)
25 ( 2 )
14 ( 1 )
31 ( 7 )
23 ( 14 )
G a s t r o - e n t e r i t i s  
w ith  p a r e n t e r a l  
i n f e c t io n  
S u r v iv o r s  
F a t a l  c a s e s
7 1 (4 )
2 0 (4 )
4 1 (1 6 )
2 9 (1 5 )
4 7 (1 3 )
2 1 (5 )
37( 9 )
22( 4 )
39( 4 )
19( 1 )
21( 3 )
pm
43 ( 5 1 )
24 ( 29 )
I n f e c t io n s  o th e r  
th an  g a s tr o ­
e n t e r i t i s  
S u r v iv o r s  
F a t a l  c a s e s
«3> 3 2 (5 )
pm
1 6 (6 )
4 4 (2 )
13( 4 )
33 ( 1 )
2 8 (8 )
pm
11( 6 ) 1 8 (2 9 )
4 0 (3 )
N o n - in f e c t iv e
c a s e s
S u r v iv o r s  
F a ta l  c a s e s pm - -
. 6 (3 )  
4 2 (1 )
3 ( 2 ) 4 ( 8 )
mm
4 (1 3 )
4 2 (1 )
T o ta l  c a se s  
S u r v iv o r s  
I F a ta l  c a s e s
5 3 (8 )
17(6)
3 6 (2 9 )  
2 5 (1 8 )
3 5 (3 1 )
2 9 (1 4 )
2 5 (1 9 )
2 8 (7 )
27( 15)
21 ( 2 )
12 ( 20 )
14 ( 1 )
3 0 (1 3 0 )
2 5 (4 7 )
lo  F ig u r e s  in  b r a c k e ts  in d ic a t e  numbers o f  e a s e s *
2* ifa-Tinnim s e v e r i t y  o f  f a t t y  change i s  reco rd ed  fo r  c a s e s  s u b je c te d  t o  
more than one in v e s t i g a t i o n  o f  l iv e r *
TABLE) VII
Decree of F a tty  Change in  L iver r e la te d  to  Number 
of C lin ic a l  R elapses of G a s tro -e n te r i t is
Numbers of re la p se s
D iagnosis
F at
+-H-+
F at
+++
F at
++
F at
+
Fat
+
Fat
0
T o ta l
re la p se s
Gas t r  o -en te r  i t i s  
alone 1 2 8 1 1 2 15
G a s tro -e n te r i t is  
w ith  p a re n te ra l 
in fe c t io n 3 14 11 6 2 0 36
T o ta l 4 16 19 7 3 2 51
In  each case su b jec ted  to  m u ltip le  b io p s ie s ,  l iv e r  f a t  i s  recorded 
from th e  in v e s t ig a t io n  most n ea rly  p reced ing  the re lap se*
TABLE T i n
Degree o f F a tty  Change in  Liver r e la te d  to  A ctual and 
E x p ected  Body Weight a t  the Time of Liver Biopsy
Degree o f 
f a t t y  change
A ctual w eight (k ilogram s) Expected weight ($>)
Average Range Average Range
i i i tT T T T 6 ©32 3 e 0 5 -  8 #72 89 8 0 -1 0 3
+++ 6©42 3 * 5 8 -1 0 .4 4 89 6 6 -1 3 4
++ 5 .9 0 3 * 3 2 -1 0 .7 0 89 6 0 -1 3 4
+ 5o27 2*44-l0© 58 80 6 0 -1 0 0
+
5 .4 7 1*92-10© 90 86 6 0 -1 0 6
0 6*10 2 ,8 1 -  9 .3 9 83 5 3 -1 1 0
TART,ft T X
V a ria tio n  in  Degree o f F a t ty  Change in  L iver r e la te d  
to  v a r ia t io n  in  Expected Body Weight
A lte ra t io n  in  expected 
weight during  time 
in te rv a l  between 
l iv e r  b io p s ie s
V a ria tio n  in  degree 
o f f a t ty  change
Number of 
exam inations
Gain i n  expected F at decreased 50
w eight F at unchanged 27
F a t in c reased 7
Expected weight Fat decreased 3
unchanged F at unchanged 8
F a t in creased 5
Reduction in  expected Fat decreased 28
w eight F at unchanged 22
F at in c reased 20
TABLE X
D egree  o f  F a t t y  Change i n  L i v e r  r e l a t e d  to  D aily  I n t a k e  o f  C a l o r i e s  a t  V a r io u s  I n t e r v a l s
p r i o r  to  Exam ination  o f  L i v e r
Degree o f  
f a t t y  change
C a 1 0 r i e s
1 2 3
Duration in  days before  
4 5 6
l i v e r  exam ination  
7 10 15 20 25 30
++++ 27.0 2 9 .3 2 8 .3 2 7 .5 26 .9 27.1 2 6 .7 26.3 28.8 29.0 - -
+++ 3 4 .6 3 5 .0 4 0 .7 4 1 .8 42.3 42.1 4 0 .8 4 0 .7 42 .0 41 .0 28.0 29.5
++ 4 6 .8 5 3 .2 5 5 .2 56.8 5 7 .2 56.2 56.0 52.8 5 7 .5 5 9 .2 50 .3 68.8
+ 5 3 .4 5 9 .9 6 2 .7 6 4 .0 65.6 65.8 66.8 6 5 .4 62 .7 63.0 60.9 59 .0
+ 68.6 7 0 .9 76.2 7 9 .2 79 .3 77.3 76.8 75 .1 72 .1 74 .7 7 1 .1 68.6
0 3 1 .9 6 6 .7 7 0 .4 72.6 72.6 72.9 7 2 .1 7 4 .6 77 .7 80.1 79.9 79.2
F i g u r e s  g i v e  a v e r a g e  d a i l y  i n t a k e  o f  c a l o r i e s  p e r  k i lo g r a m  b od y  w e ig h t
TABLE XI
D egree  o f  F a t t y  Change i n  L iv e r  r e l a t e d  to  D a i l y  I n t a k e  o f  P r o t e i n
a t  V a r io u s  I n t e r v a l s  p r io r  to  E x a m in a t io n  o f  L iv e r
Grams o f p r o te in
Degree o f  
f a t t y  change 1 2 3 k
Duration in  days befor  
5 6
e l i v e r
7
examination
10 15 20 25 30
++++ 0 .8 9 0.88 0 . 8 k 0 . 8 k 0 .89
O
J•o 0 .8 7 0.88 1.10 1.15 - -
+++ 1.^8 1 A G 1.68 1 .66 1.66 1*66 1.62 1 .7 2 1 .6 7 1.62 1.53 1.30
++ 1 .9 3 2.18 2 .2 7 2 .33 2 .35 2.50 2 .2 7 2.16 2.36 2.61 2.59 2.96
+ 2 A 0 2 .66 2.78 2.86 2.90 2.92 3.00 2.99 2.88 2 .87 2.78 2.80
+ 2 .9 2 3 .1 0 3 .28 3 .^ 6 3.^7 3.^2 3 .39 3 .39 3.28 3 .21 3.17
0 2.06 2 .8 5 3 .0 0 2.96 2.9^ 2.96 2 .9 6 3 . 1 k 3.08 3.26 3 .11 3 .05
F i g u r e s  g iv e  a v e r a g e  d a i l y  i n t a k e  o f  p r o t e i n  i n  grams p e r  k i lo g ra m  body w e i g h t •
TABLE XII
D eg ree  o f  F a t t y  Change i n  L iver r e l a t e d  t o  D a i ly  I n t a k e  o f  F a t  a t
V a r io u s  I n t e r v a l s  p r io r  to S x a m in a t io n  o f  L i v e r
Degree o f  
f a t t y  change
Grams o f fa t
1 2 3 4
Duration in  days b efore  
3 6
l i v e r
7
exam ination
10 15 20 25 20
++++ 1 .7 1 1 .9 4 2.00 1 .9 4 1.98 1 .9 0 1.88 1 .8 5 1 .8 4 1.78 - -
+++ 1 .9 7 2 .0 4 2 .3 4 2 .4 5 2.50 2 .5 5 2 .4 8 2 .48 2 .49 2 .47 2.39 2.20
++ 2 .4 2 2.68 2 .7 3 2 .8 4 2.85 2 .83 2 .8 3 2 .65 2 .87 2 .94 2 .99 3.30
+ 2.61 3 .02 3 .1 4 3.18 3 .2 4 3.22 3 .2 7 3.26 3 .19 3.20 3 .18 3 .14
+ 3 .1 9 3 .2 7 3 .4 8 3 .7 0 3 .78 3 .6 7 3 .6 3 3 .6 3 3 .5 2 3 .4 1 3 .38
3 .36
0 2.28 3 .21 3 .26 3.26 3 .2 2 3 .26 3.20 3 .3 2 3 .6 4 3 .9 6 3 .7 4 3 .67
F i g u r e s  g iv e  a v e r a g e  d a i l y  i n t a k e  o f  f a t  i n  gram s p e r  k i lo g r a m  “body w e i g h t .
j^ ABLu XIII
D egree o f  F a t ty  Change i n  L iv e r r e la te d  to D a ily  In ta k e o f C arbohydra te  a t  V arious
I n te r v a l s p r io r  to E xam ination  of L iv e r
Degree o f  
f a t t y  change
Grams of carbohydrate
1 2 3 4
Duration in  days b efore  
5 6
l i v e r
7
exam ination
10 15 20 25 30
++++ 3 .1 1 3 . H 3 .2 4 3 .1 5 3.03 3.01 3 .00 3 .03 3 .3 0 3 M - -
+++ 4 .0 3 4 .1 6 4 .6 9 4 .8 5 5.00 M 7 4 .8 4 4 .80 k . 6 8 ^.57 4.20 3.60
++ 3 .1 8 3 .7 5 5*96 6.20 6.20 6.15 6.16 5.80 6 .35 6 .51 6.32 6.80
+ 3 .9 0 6 .5 0 6.78 6 .91 7 .05 7.10 7.12 7.16 6 .97 7.08 6.99 6.66
+
7 .3 7 7 .9 2 8 .4 6 8.98 8 .98 8.90 8.86 8.79 8.96 8.79 8.75 8.34
0 5 .4 8 8.11 8 .48 8 .4 1 8 .55 8.56 8 .4 1 8 .83 9.60 10.38 10.77 11.02
F ig u res  g iv e  average d a i ly  in ta k e  o f  carbohydrate i n  grams per kilogram body w e ig h t .
p*
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FI G.  3 7  M E A N  V A L U E S  F O R  DAILY I N T A K E  O F  C A L O R I E S  O V E R  P E R I O D S  O F  5 , 1 0 , 1 5  & 2 0  DAYS BEFORE
L I V E R  E X A M I N A T I O N ,  RELATED T O  S E V E R I T Y  O F  FATTY L I V E R
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FIG.  3 8  MEAN VALUES FOR DAILY INTAKE O F  CARBOHYDRATE,  FAT AND P R O T E I N  O V E R  P E R I O D S  OF
5, 10, 15 & 2 0  DAYS B E F O R E  LIVER EXAMINATION,  R E L A T E D  T O  SEV ERI TY O F  FATTY LIVER
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TABLE XIV
R e s u l t s  o f  L iv e r  F u n c tio n  Tests r e l a t e d  to  I n i t i a l  L iv e r  B iopsy R e s u lts
I n v e s t ig a t io n Numbers in v e s t ig a te d
Degree o f f a t t y  change
++++ +++ ++ + + 0
Van den Berg R ea ct io n  ( I n d ir e c t ) Without ’’H e p a t i t i s ” 174 1 +ve 1 +ve 6 +ve 2 +ve 1 +ve 1 +ve
” ” ” ” (D ir e c t ) With ” 3 1 +ve 1 +ve 1 +ve - - -
U rinary U ro b il in o g en Without ” 174 1 +ve - 4 +ve - - -
With ” 3 1 +ve 1 +ve 1 +ve - - -
T o ta l Serum B i l i r u b in  -  mg.% Without ” 174 0.8 0 .5 0.8 0 .4 0 .5 0 .4
With ” 3 2 .5 5 .5 2.8 - - -
Thymol T u rb id ity  -  Maclagan U n its Without ” 174 3 .3 2.0 2 .5 2 .5 2 .5 3 .0
With 11 3 6.0 13.0 17.0 - — —
Takata-Ara R eaction Without ” 70 < ----------- --------  a l l  negative ---------- *
With ” 3 ++ + +++ — — —
C o l lo id a l  Gold Test Without ” 58 «----------- --------  a l l negative ---------- *
With rf 3 ++ +++ ++++ — - *•
T ota l Plasma P r o te in  -  g.% Without ” 164 4 .5 0 5 .6 4 5 .77 5.56 5 .55 5.62
With ” 3 4 .6 7 4 .25 5.67 — **
T ota l Serum C h o le s te r o l  -  mg.% Without ” 30 I l k 120 142 95 108 -
With ” 2 - 70 114 — “
Serum C h o le s te r o l  E s te r s  -  m g . % Without ” 30 77 80 86 79 85 -
With ” 2 - 37 47 *
Serum P h o sp h o lip id  -  mg.% Without ” 25 230 259 32k 268 295 —
With ” 0 — — mm
Prothrombin Time -  seconds Without ” 174 28 27 26 26 32 28
With ” 3 29 3 k 30
W ith th e  e x c e p t io n  o f  Van den Berg and U rin a ry  U ro b ilin o g e n  f in d in g s ,  mean v a lu e s  a re  g iven  
f o r  r e s u l t s  o b ta in e d  from ’’n o n - h e p a t i t i s ” cases#
The r e s u l t s  o f  one " h e p a t i t i s ” case  a re  shown in  r e l a t i o n  to  th e  th i r d  l i v e r  b iopsy  ( th e  f i r s t  
to  show ev id e n c e  o f l i v e r  n e c r o s i s ) •
TABLE XV
Blood Sugar L ev e ls  and K e to n u ria  r e l a t e d  to  Amounts 
o f  S ta in a b le  Liver F a t and G lycogen
L iv e r  f a t L iv e r  g ly co g en
+ + + +
+ + +
++
+ + + +
++
+
+ + + +
++
+
+ + + +
+ +
+
+ + + +
+ +
+
+ + + +
+ +
+
+ + + +
+ +
+
+ + +
+
0
+  +  +  
+
0
+ + +
+
0
+ + +
+
0
+ + +
+
0
+ + +
+
0
Numbers
o f
b io p s ie s
0
0
13
0
19
44
7
35
30
15
19
24
13
26
9
13
19
6
T e s ts  fo r k e to n u r ia  r e l a t e d  to  
these b io p s ie s
P o s i t iv e  T race  N egative
13
11
30
0
16
18
0
0
8
0
2
4
5
10
1
4 
8
5
2 
1
3
4
5
13
6
14
15 
8
8
24
4
12
14
1
Blood su g a r  -  mg.%
Numbers
examined H ig h es t Lowest Mean
4 
14
3
12
6
3
5 
3
2
5 
2
6 
3 
1
44
72 
78
90
101
89
104
111
102
80
93
73
128
121
58
26
28
29
72
4 i
33
71
49
58
8o
67
53
93
60
58
36
56
53
84
71
63
96
71
77
80
82
63
107
85
58
F ig . 39* Liver biopsy specim en. F ig . L iver biopsy specim en.
Glycogen ++++ F at o Glycogen ++ F a t ++
B e s t 's  S ta in  X 65* B e s t 's  S ta in  X 74*
F ig . 41 . L iver biopsy specim en. Glycogen -  
Fat ++-H- B e s t 's  S ta in  X 94*
TABLE XVI
The Amount of S ta in a b le  F a t r e l a t e d  to  the 
Amount of S ta in a h le  Glycogen in  the Same 
Specimen of L iver (Biopsy M a te ria l only)
Degree o f 
glycogen
Numbers o f exam inations
F a t F at F at F a t F at F a t
s ta in in g ++++ 1 !. 1 T T T ++ + + 0
++++ 0 0 2(0) 5 (2 ) 8(2) 8(1)
+++ 0 0 5(2) 10(6) 5(3) 5(3)
++ 0 7(4) 27(11) 9(5) 16(3) 16(7)
+ 0 12(5) 8(3) 10(4) 10(3) 3(2)
+MR 6(4) 22(12) 17(11) 17(8) 8(7) 3(3)
+
3(1 ) 13(9) 11(10) 5(2) 0 3(3)
0 4 (2 ) 9(8) 2(2) 2(2) 1(1) 0
Average
glycogen +m +*9 + + -H- ++
Figures in  b ra ck e ts  in d ic a te  numbers o f f i r s t  
b iopsy  examinations©
TABLfl XVII
V a ria tio n  in  S ta in a b le  F at r e la te d  to  V a ria tio n  
in  S ta in a b le  Glycogen in  L iv e r3 of P a t ie n ts  
su b jec ted  to  M ultip le  B iopsies
A l te r a t io n  in  
amount of 
s ta in a b le  glycogen
A lte r a t io n  in  
amount of 
s ta in a b le  f a t
Numbers
o f
cases
Glycogen in c reased Fat in c reased 3
F at unchanged 9
F a t decreased 56
Glycogen unchanged F at in c reased 9
F at unchanged 14
F at decreased 10
Glycogen decreased F at in c re a sed 20
F a t unchanged 3
F at decreased 5
TABLE XVIII
Numbers o f  C ases c l a s s i f i e d  to  show the  R e la t io n s h ip  betw een F a t ty  Change 
i n  L iv e r  and T rea tm en t (v a rio u s  forms in c lu d in g  L ip o tro p ic  Therapy)
T r e a tm e n t
Numbers o f p a t i e n t s  ex a m in ed
++++
B e f o r e
F a t
A f t e r
+++
B e f o r e
F a t
A f t e r
++
B e fo r e
Fat
A fter
+ F a t  
B e f o r e  A f t e r
+
B e f o r e
F a t
A f t e r
0
B e fo r e
F a t
A f t e r
T o t a l  
B e fo r e  A f t e r *
L i p o t r o p i c  T h er a p y
C h o l in e 3 2 12 13 11 9 L 6 2 2 0 1 32 33
M e t h io n in e 1 1 8 8 7 5 b 6 2 1 0 1 22 22
C a s e in  ( I . V . ) 1 . 0 3 . 4 3 3 0 3 1 0 1 1 11 11
C a s e in  ( o r a l ) 1 0 1 1 1 0 0 1 0 1 - 3 3
V i t .  B C om plex 1 0 9 9 3 3 2 b 2 2 0 1 19 19
I n o s i t o l - 1 1 0 1 1 1 1 0 - 3 3
P y r i d o x in e 1 0 1 1 - 0 1 - 0 1 3 3
P a n t o t h e n ic  A c id 1 0 3 2 2 k — - - 6 6
R i b o f l a v i n e - - 2 1 2 1 0 1 0 1 4 b
O th e r  T r e a tm e n t
G lu c o s e  ( I .V * ) 4 8 1 7 2 2 19 20 11 1 1 6 6 1 2 58 69
P la sm a  ( I . V . ) 3 9 1 7 18 13 21 10 7 5 7 2 b 52 66
B lo o d  ( I . V . ) 0 1 - 1 3 2 2 1 0 - b 6
C arob  F lo u r 2 2 1 0 0 1 0 1 - - 3 b
S t r e p t o m y c in 0 1 5 3 6 6 b 8 1 5 - 16 23
A e r o s p o r o n - 3 1 3 7 b b 2 b 1 0 15 16
P e n i c i l l i n 3 2 1 1 1 1 11 13 9 l b 3 6 1 2 38 50
S u l p h a g u in id in e - 1 1 1 2 1 3 - 1 2 b 8
S u lp h a m e z a th in e 3 2 9 9 11 l b 10 l b 3 7 2 8 3 8 54
U r in a r y  A n t i s e p t i c s  
---------- ------------------------------------
- 2 1 2 1 0 2 b 4
*In  some c a s e s  th e  f i r s t  l i v e r  b io p sy  was p erfo rm ed  a f t e r  tre a tm e n t  commenced.
TABLE XIX
V a ria tio n  in  Degree of F a t ty  Change in  L iver 
r e la te d  to  Treatment (various forms 
in c lu d in g  L ip o tro p ic  Therapy)
Number of cases s tu d ied  
b e fo re  and a f t e r  trea tm en t
Treatment T o ta l
L iver f a t  
decreased
Liver f a t  
unchanged
Liver f a t  
increased
L ip o tro p ic  Therapy
Choline 32 10 18 4
M ethionine 22 8 12 2
C asein  ( i .V .) 11 4 6 1
C asein (o ra l) 3 3 0 0
V i t .  B Complex 19 7 8 4
I n o s i to l 3 0 1 2
P yridoxine 3 1 2 0
P an to then ic  Acid 6 3 3 0
R iboflav ine 4 3 0 1
Other Treatm ent
Glucose ( I .V .) 58 14 23 21
Plasma (l*V .) 52 11 22 19
Blood (l*V .) 4 1 0 3
Carob F lour 3 2 1 0
Streptom ycin 16 9 5 2
Aerosporon 15 6 5 4
P e n ic i l l in 38 14 14 10
S ulphaguinidine 4 1 3 0
Sulphameza th in e 38 16 14 8
U rinary  A n tise p tic s 4 1 3 0
F ig ,  42. Case No, 152, F i r s t  Fig* 43® Case No* 152, F i r s t
biopsy* F at + , No n ecro sis*  biopsy*
E, & E, X 90® R e tic u lin  S ta in  X 90®
F ig , 44® Case No, 152, Second F ig , 45® Case No, 152, Second 
b iopsy . F at t .  No necrosis*  b iopsy ,
Masson’s Trichrome S ta in  X 9^« R e tic u lin  S ta in  X 90*
v'nV r
:*v '*>' ' *.»*•v •v , y *  <. '* > * , f A t 0*. 1 ;  • /•**.t * *;,••’I.1 >' .*> , ?
Fig* 46* Case No, 152, 
b iopsy . F a t +++.
Third 
H, & E, X 89*
F ig . 47*
biopsy .
Case No, 152, Third 
R e tic u lin  S ta in  X 89*
mWM
F ig , 48. Case No, 152, Third b io p sy . I n f i l t r a t i o n  
of p o r ta l  a reas by acu te  inflammatory c e l l s ,
H, & E,  X 240,
mJ&x,.
F ig , 49 , Case No, 152, Fourth  F ig , 50* Case No, 152. Fourth  
oiopsy, H, & E, X 100, hxopsy, R e tic u lin  s ta in  x 50e
F ig , 51® Case No, lp2 . Fourth b io p sy . P o r ta l  
zone on l e f t  showing ch o lan g io la r p ro l i f e r a t io n  
and damage to  ad jacen t l iv e r  parenchyma, in c lu d in g  
lo ss  of l im it in g  p la te , f a t ty  change and red u c tio n
in  R,N.A, Giemsa S ta in  X 150.
■ . ..7 *. .
,r\4'
  "-' ■. ■’ '•
F ig , 52, Case No, 152* Autopsy specimen. P o r ta l f ib r o s is  
and ex ten siv e  haemorrhagic n e c ro s is ,
H eidenhain 's  Azan Method X 40®
M m
*‘J> C V fTVcis
F ig , 54* Case No, 152, Autopsy 
specimen®
R e tic u lin  S ta in  X 58*
F ig , 53® Case No, 152, Autopsy
specimen,
H. & E, X 118,
iP & & s 8 i
a• , * « x _/ T» • ic  .
F ig , 56* Case No. 72. L iver
b iopsy . Specimen showing absence
of R.N.A. r .Giemsa S ta in  X 296.
F ig . 53. Case No. 72, L iver 
b io p sy . E xtensive f a t ty  change 
and focus of n e c ro s is .
H. &  E. X 100.
F ig . 57. Case No, 72. L iver b iopsy . 
Prominent p e r ip o r ta l  r e t i c u l i n .
R e tic u lin  S ta in  X 75
F ig . 58® Case No. 93. F i r s t  
l iv e r  b io p sy . Lymphocytic i n f i l ­
t r a t io n ,  predom inantly p o r ta l .
V.G. X 50.
F ig . 60. R e tic u lin  s ta in  of same specimen.
X 95®
F ig . 59® Hi^tier m ag n ifica tio n . 
Inflammatory c e l l  i n f i l t r a t i o n .  
F a tty  change, in c lu d in g  f a t  c y s ts .
V.G. X 328.
F ig , 6 l ,  Case No. 93* Second 
l iv e r  b io p sy . P o r ta l  f ib r o s i s .
R e tic u lin  X 60,
F ig . 62. The same specimen showing 
inflammatory c e l l  i n f i l t r a t i o n .
V.G. X 105.
F ig . 63 . Case No. 93. Third 
l iv e r  b io p sy .
R e t ic u l in  X 95*
F ig . 64 , The same s ta in ed  by 
van G ieson’s method.
x  140.
F ig , 65 , L iver biopsy specimen. F ig . 66. L iver biopsy specimen. 
Patchy d is t r ib u t io n  o f m itochondria. M itochondria in  f a t ty  c e l l s .
Iron  haem atoxylin X 312. Ire n  haematoxylin X 566.
'  A  .  ■ *•*
*  *  
v 'i •
. L  *  ..* > 3 -  »  i. >r
► % -r ^
_  f* . s ?
-A, ^ A
f’ -% V- /. V  •
1
F ig , 67, L iver biopsy specimen. 
M arginal co n cen tra tio n  of mito~
chondria . j rQn h em ato x y lin  X 586®
F ig . 68, L iver autopsy specimen, 
M itochondria ab sen t.
Iro n  haematoxylin X 312,
F ig . 69. L iver biopsy specimen F ig . 70. L iver autopsy specimen 
s ta in ed  to  show R.N.A. s ta in e d  to  show R.N.A.
Giemsa s ta in  X 328. Giemsa s ta in  X 312.
:r • • tf<-
F ig . 71* P e r ip o r ta l  co n cen tra tion  F ig . 72. C oncentration of R.N.A. 
of R.N.A. around b i le  c a n a l ic u l i .
Giemsa s ta in  X 90* Giemsa s ta in  X 430.
Fig* 73* Liver biopsy specim en« R.N.A.+
in  f a t t y  liv e r*
Giemsa s ta in  X 430*
Fig* 74. L iver biopsy specimen* R .N JU - 
in  f a t ty  liv e r*
Giemsa s ta in  X 328*
TABLJfi XX
L iv e r  C e l l  C ytop lasm ic  B a s o p h i l ia  r e l a t e d  t o  
C l i n i c a l  D ia g n o s is  and P la s m  P r o t e in  L e v e ls
C l i n i c a l  d i.a g n o s is
P lasm a
p r o t e in
-
(1  S . B .  
o f  mean
D egree o f  
L a s o p h il ia
Numbers o f  
b i o p s ie s  
s o  examined
G a str o ­
e n t e r i t i s
G a str o ­
e n t e r i t i s  + 
p a r e n te r a l  
i n f e c t i o n
P a r e n te r a l
i n f e c t i o n O ther
++ 27 15 12 0 0 6 .18 (1  0 . 92)
+ 30 6 21 3 0 6 .2 9 (1  0 .71 )
+ 90 30 39 9 12 5.28(1' 0 .72)
+M 54 12 15 15 12 5 .0 5 (1  0 .74 )
0 12 9 3 0 0 5 . 27(1  0 .6 6 )
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F ig *  75® F a tty  l i v e r  and 
prom inent s in u s o id a l  c e l l s *  
H. & E. X 562.
Pig* 76# Mild leu co cy tic  i n f i l ­
tra tio n #  V acuolation of l iv e r  
c e l l  n u c le i# H* & E* X 328.
Fig# 77* Leucocytic i n f i l t r a t i o n  Fig# 78® B a c il l i  in  l iv e r  biopsy 
of sinuso ids#  K# & E# X 328. specimen# Giemsa s ta in  X 634®
F ig . 79® S lig h t condensation of 
p e r ip o r ta l  r e t i c u l i n .
R e tic u lin  X 75*
Fig1. 80. Normal l iv e r  fo r 
comparison w ith F ig . 79®
R e tic u lin  X 62.
F ig . 81. S lig h t p o r ta l  f ib r o s is .  F ig . 82. Subcapsular f ib r o s is .
V.G. X 95® Autopsy specimen.
Trichrome S ta in  X 38®
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F ig . 83® Iro n -co n ta in in g  pigment s ta in ed  by the P russian  
BlUw tech n iq u e . P e r I s ’s Method & Carmalum X 70.
‘v  v.'.i +u:£ s i  V ’£ .‘
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F ig . 84• Iro n -co n ta in in g
pigment ++++«
P e r I s 1s Method X 95®
F ig . 85. Iron-contain ing ' 
pigment +++.
P e r ls 's  Method X 95®
Fig* 86* Iro n -co n ta in in g  pigment ++„ 
P e r ls ’s Method X 94®
Fig* 87* Iro n -co n ta in in g  pigment + • Fig* 88 . Iro n -co n ta in in g  pigment 
P e r l s ’s Method X 294* predom inantly w ith in  s in u so id a l
ce lis*  P e r is ’s method X 129*
*
t1 'I vjfyi
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TABLE XXI
H epatic  S id e ro s is  r e la te d  to  Age. G a s tro -e n te r i t is  
and P a re n te ra l In fe c tio n
F i r s t  b iopsy A ll b io p s ie s
Number Age in  weeks
Number
w ith
Number
w ith Number Average
L iver
Iro n
of
cases Youngest E ld es t Mean
gastro**
e n t e r i t i s
p a re n te ra l
in fe c tio n
of
cases
age in  
weeks
++++ 3 2 14 8*3 2 1 3 8*3
i i iT r i 17 2 21 9.8 15 5 32 10.9
++ 54 4 39 19.1 39 28 101 19.1
+ 37 11 44 26*3 30 20 96 27.3
+ 23 17 66 30*5 16 16 51 30*2
0 36 15 87 44 «5 21 15 80 40*7
W J M  XXII
H epatic S id e ro s is  r e la te d  to  the Mean Values obtained 
from V arious H aem atological In v e s tig a tio n s
Liver
iron
Haemoglobin
gp fo
R.3.C* 
x 106
P.C.V.
ml#
M.C.V* M.C.H.C.
1°
R eticu lo cy tes
1o R.B.C.
Plasma
p ro te in
g .$
•H-H- 10*9 3*66 34*3 93.8 31.8 2*2 4.75
+++ 10 p3 3 p20 34*1 112.7 30.3 2.8 4.86
++ 10.7 3*72 38.6 95.6 28.2 1.7 5.43
4* 10.3 4*91 35*6 81.5 28.2 0 .8 5.56
+ 10.3 5*26 37*3 77.0 27.6 0*6 5.42
0 8 .9 4.86 35*1 77.2 26.1 0 .8 5.77
F ig . 89. Small in te s t in e  showing m ild e n t e r i t i s .
K. & E. X 90.
Pig* 90. Congestion and s l ig h t  polym orphonuclear 
leu co cy tic  i n f i l t r a t i o n  of i n t e s t i n a l  mucosa.
H. & E. X 630.
P A R T  II
THE MATURE OF THE FIBROUS CONNECTIVE TISSUE 
OF HEPATIC FIBROSIS AND CIRRHOSIS
TABLES XXIII to  XXVIII 
FIGURES 91 to  188
F ig . 91 • Mou3e l iv e r  w ith c ir rh o s is  induced by 44 
doses of CCI4 . P o s te r io r  a sp e c t.  _
- J
Fig© 92. L e f t:  L iver from normal mouse.
C entre; Liver from mouse a f t e r  20 doses of CCI4 ,
R ights L iver from mouse a f t e r  30 doses of CCI4 .
A n te rio r a sp e c t and approxim ately normal size*
Pig* 93 * As above. P o s te r io r  a sp ec t of same liv e rs*
F ig . 94* S ection  from e n t i re  biopay specimen of 
mouse l iv e r  w ith developing c i r r h o s is .
Van Gieson X 18.
■ • >v'v\. , m'i- f1 
l It fffbt *Arij% .
y,
- .< . ' V-
i'Wi&f&iQ - W/. P.*
F ig , 95* E stab lish ed  c ir rh o s is  
of mouse l iv e r .
R e tic u lin  S ta in  X 60,
F ig ,  96, The same s ta in e d  by 
Van G ieson 's method,
X 60.
stiissisiii
r.dk
Fig® 97® F ib ro s is  + 
R e tic u lin  S ta in  X "JO
Pig* 98® F ib ro s is  ++ 
R e tic u lin  S ta in  X 70
Fig® 99® F ib ro s is  +++* F ig . 100* F ib ro s is  +-H-+,
R e tic u lin  S ta in  X 70* R e tic u lin  S ta in  X 70®
Fig* 101* F ib ro s is  ++* 
Van Gieson X 65®
vv >>*-■/. - " •.I-.'*’; * \ . «*  ;• ■»» J
F ig , 102* F ib ro s is  +++, 
Van Gieson X 150*
c& S & Z
»5iH
l | »
i> ’ v'-Tv; ;»‘i >.?* . * \-
,lif «i^ >
F ig . 103. Nodular h y p erp lasia  +.
R e tic u lin  S ta in  X 55®
‘djf-T** 1 '.
Fig* 104® Nodular h y p e rp la s ia  ++.
R e tic u lin  S ta in  X 40*
TABLE! XXIII
In flu en ce  of C ortisone and ACTH on Development 
of CCI4 C irrh o s is  in  Mice
Numbers of examinations
Group
Numbers of 
anim als Biopsy- Autopsy T o ta l
la CCI4 + 
C ortisone 42 15 42 57
2a CCI4 + ACTH 26 12 26 38
3 . CCI4 91 80 91 171
4® Cortisone 11 18 11 29
5 . ACTH 11 14 11 25
&r ■ *5. -i -• ..V *-• * 0 *
■ s  IiM&ti
y W i A- *
Fig© 105• CCI4 n ecro sis  and f ib ro s is *  both 
a f fe c t in g  s im ila r  zones of liver©
Van Gieson X 90®
Fig© 106• ijarly  h epatic  fibrosis©  F ib ro b la s ts  
inconspicuous. Tan GieEQc x ^
t#*«> ■• * r/ ,fc %*.»'«
Fig* 107© E stab lish ed  CCl/ c ir rh o s is .  
Mesenchymal c e l ls  in  f ib r o t ic  a reas  
presumably include fib rob lasts©
H. & E X 100.
Fig© 108© Spindle-shaped c e l l s  
a sso c ia ted  with, developing conn­
e c tiv e  tissu e  f ib r e s  in  c i r rh o t ic  
liv e r*  Van Gieson X 630.
F ig .  109. Focus o f osteo id  m etap lasia  in  
c i r rh o t ic  mouse liver®
Van Gieson X 150.
FIG. IIO INFLUENCE OF CORTISONE AND A C T H  ON THE DEVELOPMENT OF 
CCl4 C I R R H O S I S
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Liver at autopsy - males 0
NUMBER OF D O S E S  OF C C l *
Liver at autopsy - females •  Liver biopsy - males □ Liver biopsy -  females O
T&BMi XXIV
In flu en ce  o f C ortisone and ACTH on Development 
o f CCI4 C irrh o s is  in  Mice
Group
Numbers
of
rep ea t
examina­
tio n s
Comparison of 2nd 
w ith  1s t  exam ination
Comparison of a l l  subsequent 
exam inations w ith 
prev ious b io p sie s
F ib ro s is
Less
F ib ro s is
I .S .Q .
F ib ro s is
More
F ib ro s is
Less
F ib ro s is  
I .S  *Q, •
F ib ro s is
More
1 15 0 1 9 3 3 9
2 12 0 0 6 0 2 10
3 80 3 2 23 12 23 45
F ig . 111. 4~day laparotomy wound. Skin surface
a t  top  le f t-h a n d  co rn er. Small s t i t c h  abscess a t
bottom rig h t-h an d  co rn er. Tr „ . ^ C r .^  Van Gieson X 60.
F ig . 112. 4”day laparotomy wound from cortisone<=
tre a te d  mouse. Skin surface w ith encrusted  exudate
a t  top rig h t-h an d  co rn e r. __Van Gieson X 90.
F ig . 113• 7 day laparotomy wound. F ig . 114. 7 day laparotomy wound
Catgut a t  bottom of f i e ld .  from c o r tis o n e - tre a te d  mouse.
Van Gieson X 60. Van Gieson X 60.
FIG. 115 INFLUENCE OF CORTISONE ON ESTABLISHED CC[A CIRRHOSIS
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TABLE XXVI
In flu en ce  of C ortisone on E stab lish ed  CCI4 C irrh o s is
Comparison o f 2nd 
w ith  1s t  exam ination
Comparison of a l l  subsequent 
exam inations w ith  
previous b iopsies
Group
F ib ro s is
Less
F ib ro s is  
I .S  .Q.
F ib ro s is
More
F ib ro s is
Less
F ib ro s is
I .S .Q .
F ib ro s is
More
6 11 11 6 12 13 20
7 1 7 19 1 29 41
• '  •
Sa.t'fcSsL' Si
Fig* 116. E s tab lish ed  CCI4 c i r r h o s i s . No 
c o rtiso n e  or A.C.T.H*
H. & E. X 100.
Fig* 117* E stab lished  CCI4 c i r r h o s is .  D aily  
co rtiso n e  in je c t io n s .  H. & E. X 100.
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FIG. 118 INFLUENCE OF CORTISONE ON THE R E G R E S S I O N  OF  CCl4 
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Liver  a t  autopsy - male* ■ Liver at autopsy - females  1
Each l ine c o n n e c t s  the result* o bt a i ne d  from a s ingle animal.
Liver biopsy "males □ Liver biopsy - f emal es  O
TABLE XXVII
Influence of Cortisone on Regression o f  
CCI4 C irrhosis in  Mice
Comparison of autopsy with  
previous biopsy specimen 
( in terv a l o f 2 weeks)
Group
Numbers of 
animals
F ibrosis
Less
Fibros is  
I .S .Q .
F ib rosis
More
8# CC14
—> Cortisone 19 5 7 7
hormone 19 11 5 3
TABLE XXVIII
Numbers of Mice w ith  C at-g u t Im p lan ted  
in  L iv e r  t CCI4 C ir rh o s is
Group c c i4 Hormone
C at-g u t
2 3
im p la n ta tio n  -  
4 5 7 10
D u ra tio n  in  days
NOo
14 21 28 C-G T o ta l
10 N il C o rtiso n e 1 0 1 0 1 0 2 2 2 0 9
11 N il ACTH 1 0 0 0 1 0 2 0 0 0 4
12 N il •m 1 0 1 0 1 0 3 2 1 0 9
3 & 13 5 months - 0 3 0 0 4 4 2 0 0 9 22
13 6 months - 1 0 1 0 1 0 0 0 0 0 3
13 7 months - 0 0 0 2 2 3 2 0 0 0 9
T o ta ls 4 3 3 2 10 7 11 4 3 9 36
F ig , 119• Catgut implanted in  l iv e r  fo r  
 ^ Van Gieson X 70#
F ig , 120, Catgut implanted 1 day. Top r ig h t  corner 
towards cen tre  of le s io n . Normal glycogen-laden 
l iv e r  c e l ls  a t  bottom l e f t  co rn er.
P erio d ic  a c id -S c h iff  reagen t X 510,
F ig , 121, Catgut im planted 2 days. Zone of 
p ro l i f e r a t in g  connective t is s u e  c e l l s .  Top l e f t -  
hand corner n ea re s t cen tre  of le s io n .^  v
[►i*,' K . , v  -■ **fl * .  ,  V r r 1 s' ! /  I «* V  V 4 fixS*1* * V ; f  t,
ra.\ A'.u*.' _«. • vv ''Ar&t'''***?$*-« *■ • -1
-• m t l  .L?-*r»: V-. r / - > l  fctlf v^n:
F ig , 122, Catgut im planted 3 
days.
Van Gieson X 85,
F ig , 123, Catgut im planted 3 
days. Young f ib ro b la s ts  in  
w all of le s io n .  p .A.g> x
F ig . 124* Catgut im planted 4 days*
■\/an Gieson X 150,
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F ig , 125* Catgut im planted 4 days. F a in t  tra c e  of 
fu ch sin o p h il m a te r ia l between p r o l i f e r a t in g  connective 
t is s u e  c e l l s .
Van G ieson X 525
m m m m m  #
m M s -s m
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w m
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F ig , 126, Catgut im planted 7 days.
Van Gieson X 85,
F ig , 127, C atgut im planted 7 days,
P .A .S . X 550.
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F i g ,  128. Catgut im planted 10 days.
Van Gieson X 85»
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F ig . 129. Catgut im planted 10 days.
R e tic u l in  S ta in  X 90.
F ig . 130. Catgut im planted 10 days.
P .A .S. X 110.
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F ig . 131« Catgut im planted 14 d ays.
Van Gieson X 150.
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F ig , 132, Catgut im planted 21 days.
Van Gieson X 150. F ig . 133® C atgut im planted 21 days. G iant c e l l  r e a c t io n  around fragm ents 
of fo re ig n  m a te r ia l .  H> & x 15Q#
F ig . 134* C atgu t im planted  1 d ay . 
D a ily  c o r t is o n e  i n j e c t io n .
Van G ieson  X 85®
F ig . 135® Catgut im p lan ted  2 d a y s . D a ily  c o r t is o n e  
i n j e c t i o n .  Van G ieson  X 120.
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F ig . 13 6 . C atgut im planted  3 d a y s . 
D a ily  c o r t is o n e  i n j e c t i o n s .
Van G ieson X 85*
F ig .  137® Catgut im planted  3 days, 
D a ily  c o r t is o n e  i n j e c t i o n s ,
R e t ic u l in  S ta in  X 85
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F ig . 138. Catgut im planted 3 days. D aily co rtiso n e  
in je c t io n s .  Vessel w all on l e f t .  F a in t tra c e  of 
fuchsinoph il f ib re s  a t  margin of le s io n  on r ig h t .
Van Gieson X 525»
F ig ,  139® C atgut im planted  4 d a y s . D a ily  
c o r t is o n e  i n j e c t i o n s .  Van G ieson  x  ^
F ig , 140. Catgut implanted 7 days* D aily 
co rtisone  in je c t io n s .  Vat, Gieson x 0%
F ig . 141• Catgut implanted 14 days* D aily 
co rtiso n e  in je c t io n s .  Gieson x ?0>
Fig* 142 . Catgut im planted 14 days. D aily  c o r tiso n e
in je c tio n s*  Unabsorbed c a tg u t on r ig h t*
P.A .S. X 510*
Fig* 143* Catgut implanted 21 days* D aily
c o rtiso n e  in je c tio n s
F ig , 144® Catgut implanted 28 days. D aily
co rtiso n e  in jec tio n s*  ,r n . __ nr._Van Gieson X 150.
i s ® ;
Fig* 145® Laparotomy wound 14 days a f te r  
o p era tio n . Daily co rtiso n e  in je c t io n s .
H. & E. X 60.
F ig . 146. Laparotomy wound 28 days a f t e r  
o p era tio n . D aily co rtiso n e  in je c t io n s .
H. & E. X 90.
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Pig® 147* Catgut implanted 7 days. 
CCI4  c i r rh o s is .  Van Gieson x g0>
F ig . 148. The same as shown in  
fig u re  1 4 7  s ta in ed  to  show 
r e t ic u l in .  X 60.
P ig . 149• Catgut implanted 10 days. CCI4  
c i r rh o s is .  R e tic u lin  b ta in  X 48.
Pig® 150® Laparotomy wound 14 days a f te r
Fig* 151* C oarse -g ra in  au to rad io g rap h  of
same lesio n *  ^
Pig* 152. F in e-g ra in  autoradiograph 
of h ea lin g  laparotomy wound* Acute 
inflammatory c e l ls  a t  top of photograph 
show very l i t t l e  su lphate  uptake®
F in e-g ra in  autoradiograph X 630.
F ig . 153* Laparotomy wound 21 days a f te r  
opera tion . Daily co rtiso n e  in je c tio n s .
H. & JS. X 90 .
F ig . 154. C o arse -g ra in  au to rad io g rap h  of same
le s io n .  X 90#
F ig . 155* Catgut implanted 2 days. 
C oarse-grain  autorad iograph  X 60.
F ig . 156. C atgut im planted 2 days. Normal
l iv e r  on r i g h t .
F in e -g ra in  au to rad io g rap h  X 63 0 .
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Fig# 157* Catgut implanted 7 days. Fig-# 158. Catgut implanted 7 days#
C oarse-grain  au toradiograph X 60. Margin of le s io n  on r ig h t .
F ine-g ra in  autoradiograph X 630.
’K '0 ^
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Fig# 159# Catgut implanted 21 days. 
C oarse-grain  autoradiograph X 630#
Fig# 160# Catgut implanted 2 
D aily  c o rtiso n e  in jec tio n s#  
C oarse-grain  autoradiograph
:*"C • w
days# Fig# 161• Catgut implanted 7 days.
Daily co rtiso n e  in je c tio n s .
X 60# C oarse-grain autoradiograph X 90*
'•' '(i- ''J-' : V': - V" V
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Fig# 162# Catgut implanted 14 days# Daily 
A.C.T.H. in je c t io n s .
C oarse-grain autoradiograph X 150#
F ig , 163, CCI4 c ir rh o s is  induced over period
of 20 weeks# _r v  ,Van Gieson X 60.
F ig . 1 6 4# C o arse -g ra in  au to rad io g rap h  from
same l i v e r  (not a d ja c e n t s e c tio n s )#  ^ ^
F ig , I 65® CCI4 c irrh o s is#  
C oarse-grain  autoradiograph X 120#
Fig# 166# CCI4 c irrh o s is#  Catgut
implanted in  l iv e r  fo r 5 days# 
C oarse-grain autoradiograph X 120#
Fig# 167# Normal mouse liv e r#  Coarse-grain
autoradiograph following S^5_ sulphate# P art 
of la rg e  hepatic  vein  on le f t#
X y 0#
Fig# 168® CCl^ c irrh o s is# Mouse liv e r#
P #A #S. X 125#
Fig# 169# CCI4 c ir rh o s is  of mouse liv e r#  Fresh 
frozen  s e c tio n . T oluidine Blue X 313-
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Fig# 170# Mouse l iv e r  w ith ca tg u t 
implanted fo r 21 days# Fresh 
frozen  s e c tio n .
Toluidine Blue X 313-
Fig# 171® P a ra ff in  se c tio n  of mouse 
liv e r#  Prominent mast c e l ls  in  wide 
scar around implanted catgut#
Toluidine Blue X I 84#
F ig . 172® CCI4 cirrhosis®  Mouse l iv e r .  P ortion  of 
scar around implanted catgu t a t  h o tto m -le f t.
H a le 's  method fa r acid  mucopolysaccharides X 313 •
P ig . 173• Catgut implanted in  mouse 
l iv e r  fo r 7 days.
H ale 's  method fo r acid  muco­
polysaccharides x 125.
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P ig . 174« Mouse kidney. Control 
sec tio n  fo r H ale 's  method.
X 80.
F ig . 175® CCI4 c ir rh o s is  of mouse l iv e r .  Profuse 
cero id  pigment in  p a ra ff in  se c tio n .
Sudan Black X 150.
F ig . 1 7 6 . CCI4 c ir rh o s is  of mouse l iv e r .  Profuse
ceroid  pigment m  p a ra ff in  se c tio n . Glycogen a lso
s ta in e d . P.A.S. X 200.
F ig . 177® C irrh o tic  mouse l iv e r .  Rabbit anti-mouse 
glom erular serum -> goat a n ti- ra b b it- f lu o re sc e in  
con jugate . X 125*
F ig . 178. C irrh o tic  mouse l iv e r .  
Rabbit anti-m ouse glom erular serum -4 
goat a n ti- r a b b it- f lu o re s c e in
X 313*
F ig . 179• C irrh o tic  mouse l iv e r .  
Rabbit anti-mouse glom erular serum 
conjugated w ith  f lu o re sc e in .
X 315.
F ig . 180. C irrh o tic  mouse l iv e r .  Rabbit anti-mouse 
g ran u la tio n  t is s u e  serum -> goat a n ti- ra b b it- f lu o re sc e in  
con jugate . X 125*
F ig . 181. C irrh o tic  mouse l iv e r .  Rabbit anti-mouse 
g ran u la tio n  tis su e  serum -) goat a n t i- ra b b it- f lu o re s c e in  
con jugate . X 313•
F ig , 182, C irrh o tic  mouse l iv e r .  
Normal ra b b it  serum conjugated with 
f lu o re sc e in , X 1 2 5 ,
F ig , 183. C irrh o tic  mouse l iv e r .  
Unconjugated normal ra b b it  serum -> 
conjugated an ti-g lom eru lar serum,
X 313.
F ig . 184. C irrh o tic  mouse l iv e r .  Unconjugated an ti-  
glom erular serum ^ co n ju g a ted  anti-granulom a serum.
X 313
Pig. 185® Mouse l iv e r  w ith  ca tgu t implanted fo r  7 days. 
A nti-g lom erular serum conjugated w ith  fluorescein®  
In d is t in c t  s ta in in g  of outer margin of le s io n . X 125.
P ig . 186. Mouse l iv e r  with ca tgu t implanted fo r 7 days. 
Anti-granuloma serum conjugated w ith f lu o re sc e in .
Negative r e s u l t .  X 125*
P ig . 187. C irrh o tic  human l iv e r .  Rabbit anti-human 
glom erular serum conjugated w ith rhodamine. X 125*
P ig . 188. C irrh o tic  human l iv e r .  Rabbit anti-human 
glom erular serum conjugated w ith rhodamine. X 513•
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THE IHFLUENCE OF CORTISONE AND ACTH 
ON EXPERIMENTAL ZONAL NECROSIS OF LIVER
TABLES XXIX to XXXV 
FIGURES 189 to  234
TABLE XXIX
Experiment 1 -  Numbers of Animals Employed
and Duration of Poisoning
Duration of poisoning
Hours Days
Group 1 3 5 1 2 3 4 5 6 7 Total
A* Animals receiv in g  carbon 
tetrach loride and hormone 188
Mice -  CCI4 + Cortisone 2 2 2 10 32 28 34 11 7 6 134
Mice -  CCI4 + ACTH - - - 2 6 9 9 2 2 - 30
Rats -  CCI4 + Cortisone 2 2 2 6 4 6 2 - - 24
Bo Animals rece iv in g  carbon 
tetrach loride alone m
Mice 2 2 2 9 29 18 31 5 5 6 109
Rats - 2 2 2 6 4 6 2 - - 24
Co Animals receiv in g  hormone 
alone 8£
Mice -  Cortisone 1 1 1 3 26 10 13 3 2 2 62
Mice -  ACTH - - - 1 6 2 2 1 1 - 13
Rats -  Cortisone - 1 1 1 6 1 2 2 - - 14
Group C an im als w h ich  r e c e iv e d  no carbon t e t r a c h lo r id e  were 
k i l l e d  a t  i n t e r v a l s  t o  corresp on d  w ith  Groups A and Bo
P ig . 189. 3 mice used in  experiment 1 and tre a te d
d a ily  fo r  4 days. From above downwards treatm ent 
consis ted  ofs CCI4 ; CCI4 and co r tiso n e ; c o r tiso n e .
P ig . 190® Mouse l iv e r  showing CCI4  zonal n e c ro s is .
X 3 .
P ig . 191. Livers and thymus glands from 3 mice. 
Prom l e f t  to  r ig h t  these animals have received : 
CCI4 ; CCI4  + co rtiso n e ; co rtiso n e .
Approximately normal s iz e .
I.
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Fig* 192. Mouse l iv e r  1 hour a f t e r  F ig . 195* Mouse l iv e r  3 hours a f te r
CC^ 4® Giemsa S ta in  X 90« CCI4 . Giemsa S ta in  X 9^»
F ig . 194• Mouse l iv e r  5 hours a f te r  CCI4 .
Giemsa S ta in  X 90»
F ig . 195„ Mouse l iv e r  24 hours a f t e r  CCI4 .
Giemsa s ta in  X 90«
F ig . 196. Mouse l iv e r  24 hours a f te r  CCI4 . 
Prominent mid-zonal hydropic degeneration 
to g e th e r with c e n tr ilo b u la r  n ec ro sis .
E. k  J3. X 90.
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F ig . 197. Mouse l iv e r  2 days F ig . 198. Mouse l iv e r  2 days a f te r
a f te r  CCI4 . ,T , ^ Y CCI4 , shewing phagocytosis of c e n tr i -
H. & m. X bu. lo b u la r n ec ro tic  t i s s u e .
H. <5c E X I4 4 .
3 3  y:" ‘ « 
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F ig . 199• Mouse l iv e r  2 days a f te r  F ig . 200. Mouse l iv e r  4 hays a f t e r
CCI4 , showing regenera tion  of su r-  CCI4 . Repair w ell advanced and
viv ing  parenchyma. }J# ^ E)> x 144, l iv e r  r ic h  in  glycogen.p ^ #s  ^ x 125#
3: ;>; -:f "4
Fig* 201a Mouse l iv e r  2 days a f t e r  F ig . 202. Meuse l iv e r  2 days a f t e r
CClyi • D aily  co rtiso n e  in jec tio n s*  CCl^* Daily co rtiso n e  in jec tio n s*
Toluidineblue X 90* T olu id ineblue X 240.
F ig . 203* Mouse Liver* Cortisone only fo r  
3 days. No l iv e r  poison. H. & E. X 60.
Fig* 204. Mouse l iv e r  4 days a f te r  CCl^. D aily 
co rtisone  in je c tio n s  ( c f . ,  Fig* 200).
P .A .S ., Orange G X 120.
F ig . 205. Mouse l iv e r  5 days a f te r  CCI4 . Daily 
co rtisone in je c tio n s . P.A.S. X 60.
Fig* 206. 30% necrosis*  F ig . 207* 50% necrosis#
Giemsa*s s ta in  X 98# Giemsa*s s ta in  X 98#
sfzM.
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F ig . 208. 70 c/°  necrosis#
Giemsa*s s ta in  X 9 0  •
Fig. 209. 9 0 °/o  n ec ro s is .
Giemsa*s s ta in  X 90«
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FIG. 210  INFLUENCE O F  C O R T IS O N E  AND A C T H  ON THE DURATION
AND SEVERITY OF LIVER NECROSIS INDUCED BY C C l *
lOCP/o
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TABLE XXX
Thymus W eights and E o s in o p h il C ounts R e la te d  to  Dosage o f  
C o r tiso n e  and D u ra tio n  of Carbon T e tr a c h lo r id e  P o iso n in g
Duration o f Average wetT ota l q u a n tity CClj  ^ p o iso n in g Number o f thymus Average e o s in o p h il
C ortisone dosage o f c o r t iso n e (0 .0 4  m l.) Casas w eig h ts as % t o t a l counts . b lood)body w eight Ccells/cub.m m
Group A and C A and C A and B A B C A B C A B C
0*05 m g./day 0 .2  mg. in 4 days 2 days 1 1 1 0 .3 3 0 .2 5 0 .2 4 72 41 1220.10 0 .4 f! tt 4 tt 2 " 1 1 1 0 .22 0 .4 4 0 .26 83 70 440.20 0 .8 ft tt 4 tt 2 " 1 1 1 0 .22 0 .26 0 .12 8 28 60.30 1 .2 ft rt 4 tt 2 » 1 1 1 0 .16 0 .3 2 0 . 1 8 0 144 00.60 2 .4 ft tt 4 tt 2 " 1 1 1 0 .2 7 0 . 3 0 0 .2 9 0 1117 7610.80 3 .2 tt tt 4 tt 2 ” 1 1 1 0 .21 0 .3 9 0 .22 13 1 9 441.00 4 .0 »t tt 4 ti 2 " 1 1 1 0 .12 0 .3 6 0 .13 0 3 01 . 50 6.0 it tt 4 tt 2 " 1 1 1 0 .2 9 O.36 0 .15 0 240 22.00 8.0 ft tt 4 tt 2 " 1 1 1 0 .1 3 0.30 0 .2 5 6 63 23*00 12.0 tt tt 4 it 2 " 1 1 1 0 .1 3 0.20 0 .19 0 78 05*00
0 .4 0
0 .4 0
0 .4 0
0 .4 0
0 .4 0
0 .4 0
0 .4 0
0 .4 0
0 .4 0
20.0 tt tt 4 tt 2 " 1 1 1 0 .0 7 0 .2 3 0 .16 6 28 00.80 tt ft 2 tt 1 hour 1 1 1 0 .1 9 0 .3 1 0 .3 1 0 0 00.80 tt tt 2 tt 3 " 1 1 1 0 .3 1 0 . 4  7 0 .3 3 2 14 00.80 tt tt 2 tt ip tt 1 1 1 0 .3 7 0 .5 9 0 .2 7 0 8 3
1 . 2 0
1.60
2 . 0 0   ^ 1 ^
tt
tt
tt
tt
ft
tt
3
4
5
it
tt
tt
1  day
2 "
3 ”
2
14
1 2
2
14
1 2
2
14
6
0 .0 4
0 .12
0 .1 7
0 .3 8
0 .3 1
0.30
O.17
0 . 1 9
0.13
0 
4
1
380
240
^ 7
0
9
4
2 .4 0 tt fi 6 tt 4  " 12 12 6 0.08 0 .3 3 0.11 2 250 172.80
3.60
ti
tt
tt
it
7
9
tt
tt
5 ,f 
7
2
2
2
2
2
1
0 .1 7
0 .1 4
0 . 2 2
0 .32
0 . 1 3
0 .15
5
0
3 4 4
173
0
0
In t m s  ta b le  are in c lu d ed  a l l  anim als o f  Experim ents 2 and 3 and some m ice o f  Experiment 1 .
n e r c e n ta f f l^ f^ h  ^0“2 5 . ^ ms s ta r t  o f  the exp erim en ts. Thymus w eigh ts  are g iven  asp ercen ta g es  o f  body w eights a t d eath .
TABLE XXXI
F a t a l i t i e s  and L iv er W eights of Mice r e l a t e d  to  Dosage 
o f  Carbon T e tra c h lo r id e  and D u ra tio n  o f P o iso n in g
CCl^ dosage
D uration 
of CCI4 
poisoning
Number of 
cases
Premature
deaths
Average wet l i v e r  * 
w eights as v/o  t o t a l  
body w eight
Group A & B A & B A B C A B C A B C
0  »01 ml« 2 days 1 1 1 0 0 0 7 oQ 6.3 6 .1
0 .02  " 2 ft 1 1 1 0 0 0 7*0 6 .2 6 .7
0.03 " 2 tt 1 1 1 0 0 0 7 .1 6 .  8 6 .9
0.05 " 2 tt 1 1 1 1 0 0 - 6.3 6o9
0.075 " 2 tt 1 1 1 0 0 0 9 .0 6 .4 6.3
0 .10  " 2 tt 1 1 1 0 0 0 8 .2 6.5 7*1
0 .2 0  " 2 tt 1 1 1 1 1 0 - - 6 .4
0 .30  » 2 ft 1 1 1 1 1 0 - - 7*0
0 .5 0  " 2 tt 1 1 1 1 1 0 - - 6 .2
0.75 " 2 ti 1 1 1 1 1 0 - - 6 .9
1 .0 0  » 2 tt 1 1 1 1 1 0 - - 6 .4
0.04 " 1 hour 2 2 1 \ t 8 . 6 (2 ) 5 .3 (2 ) 8 .4
0.04 " 3 tt 2 2 1 ! 8 . 9 ( 2 ) 5*4(2) 8 .7
0 .0 4  " 5 tt 2 2 1 \ 7 . 6 ( 2 ) 5*6(2) 6 .0
0.04 " 1 day 12 9 4 \\ 6 . 2(2 ) 4*6(2) 6 .0 (2 )
0.04 " 2 it 40 31 34 8 2 Of 7 . 5 ( 14) 6*2(14) 7*5(14)
0.04 " 3 tt 37 18 12 / 7 . 5 ( 12) 6 .4 (12) 6 . 5 (6 )
0.04 " 4 ft 43 31 15 1 8 . 1 (12) 5*5(12) 5*5(6)
0.04  " 5 tt 13 5 4 1 7 . 0 (2 ) 5*9(2) 7*0(2)
0.04  ” 6 tt 9 5 3 / 6 . 2 ( 1 ) 5*9(1) 7*0(1)
0.04  " 7 tt 6 6 2 / 6 . 6 (2 ) 5*3(2) 6 .2 (1 )
* F ig u r e s  in  b r a c k e ts  in d ic a t e  numbers o f  m ice from w hich  l i v e r  w e ig h ts  
w ere e stim a ted *
Group B « A l l  m ice o f  t h i s  group i n  E xperim ents l j  2 and 3*
Groups A and C ® A l l  m ice o f th e se  groups in  E xperim ents 1,  2 and 3 
w hich  r e c e iv e d  c o r t is o n e  0«4 mg ./d a y  or ACTH 0©25 mg« tw ic e  d a i l y 0
Group C m ice r e c e iv e d  no l i v e r  p o iso n  but were k i l l e d  a t  i n t e r v a l s  
co rresp o n d in g  to  th o se  o f  the o th er  groups©
TABLE XXXII
E xperim ent k -  Numbers o f  A nim als Employed, and S e v e r i ty  o f  L iv e r  N e c ro s is  r e l a t e d
to  C o rtiso n e  T herapy and D ie t
D u ra tio n
o f
Number o f mice i n each group*
P e rc e n ta g e  d eg ree  o f  l i v e r  n e c r o s i s  su ffe re d  by each  an im al
(Mean v a lu e s  i n  b ra c k e ts )
p o iso n in g  
i n  days Group: Ai A ii A i i i B i B i i B i i i Ci C i i C i i i Ai A ii A i i i Bi B i i B i i i Ci C ii C i i i
1 1 2 1 1 1 1 1 1 1 10 if0 ,30 ifO 60 60 ifO 0 0 0
2 7 7 9 if if 5 2 2 1 50 ,if0 ,30 , 
3 0 ,2 0 ,1 0 , 
10 (22.)
5 0 ,5 0 ,3 0 , 
3 0 , 2 0 , 2 0 , 
10 (2 0 )
8 0 , 7 0 , 6 0 , 
6 0 , ifO, ifO, 
if0 ,if0 ,30  
(51)
if0 ,2 0 ,2 0 ,
0 ( 2 7 )
7 0 , ^ 0 , 20 , 
10 (J£ )
8 0 ,8 0 ,5 0 ,
40,30
(£6)
00 00 0
3 6 7 3 if if 5 2 2 1 7 0 ,6 0 ,6 0 , 
ifO,20,20
<i£)
8 0 , 6 0 , 6 0 , 
5 0 , 3 0 , 1 0 , 
0 ( 4 l)
7 0 ,7 0 ,7 0 ,
(70)
1 0 ,1 0 ,0 ,  
0 (2 )
6 0 , 3 0 , 3 0 , 
10 (2 2 )
7 0 ,5 0 ,5 0 ,
ko,ko
( 50 )
00 00 0
if 6 if 0 5 5 . 2 2 2 1 4 0 ,3 0 ,3 0 ,
2 0 ,1 0 ,0
(22)
3 0 , 3 0 , 2 0 , 
20 (22)
- 1 0 ,0 ,0 ,  
0 ,0  ( 2 )
3 0 ,1 0 ,1 0 , 
0 ,0  ( 10 )
5 0 ,5 0
(JO)
00 00 0
5 3 3 0 2 2 0 1 1 0 3 0 , 1 0 ,0
(±2)
ifO, 2 0 ,1 0
( 22 )
- 0 ,0 0 ,0 - 0 0
A ll an im als  o f  Groups A i i i ,  B i i i  and C i i i ,  a f t e r  th e  f i r s t  day , were found dead a t  
ap p ro x im a te ly  th e  tim es  i n d i c a t e d .  The rem a in d e r were k i l l e d .
TABLE XXXIII
Numbers of Animals Employed in  Experim ent 5
D u ra tio n  o f p o iso n in g
Hours Days
Group 1 3  5 1 2 3 4  5 6 7 T o ta l
A* Animals r e c e iv in g  ta n n ic  
a c id  and c o r tiso n e 2 £
Mice -  -  1 1 5 5 3  3 - 1 1 9
R ats - 2 3 2 3 - - - 1 0
B# Animals r e c e iv in g  ta n n ic  
a c id  a lo n e 2 1
Mice -  -  1 1 4 4 4  3 mm 1 1 8
R ats - 2 3 2 2 - - 9
C© Animals r e c e iv in g  
c o r tis o n e  a lo n e 1 1
Mice p *  H  1 1 1 1 1  1 - 1 7
RatB mm mm tm 1 1 1 1  - - - 4
Group C an im als which re c e iv e d  no ta n n ic  a c id  were 
k i l l e d  a t  in te r v a ls  to  correspond w ith  Groups A and B©
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FIG. 211 I N F L U E N C E  OF CORTISONE ON THE DURATION AND SEVERITY 
OF LIVER NECROSIS INDUCED BY TANNIC ACID
TANNIC AClD -j- CORTISONE © TANNIC ACID ONLY Q
o c o
8 0%
l
S
I DAY 4  DAYS 6  DAYS2 D A Y S 5 DAYS 7  DAYS3  DAYSHOURS
T I M E  F O L L O W I N G  A D M I N I S T R A T I O N  O F  T A N N I C  ACID
h*
Fig® 212® Mouse l iv e r  3 days a f te r  tann ic  
acid® R epair w ell advanced® TT _ n vM e> CC ill % A. vj(j ©
Fig® 213® Mouse l iv e r  3 days a f te r  tann ic  
acid® Daily cortisone injections®
Extensive l iv e r  necrosis® TT , v ™H® & E. X 90®
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FIG. 214 INFLUENCE OF CORTISONE AND A C T H  ON LIVER NECROSIS.
MEAN VALUES FOR SEVERITY OF NECROSIS RELATED TO
DURATION OF POISONING
LIVER POISON ♦ HORMONE  
LIVER POISON ONLY
Figure# in bracket#  indicate numbers  
of  animals examined
TIME IN DAYS FOLLOWING A D M IN IS T R A TIO N  OF LIVER POISON
r, r I) '*! >*
a B S i
•". i
Pig# 215* Rat l iv e r  2 days a f t e r  a l l y l  formate, 
D aily  co rtiso n e  in je c t io n s .  P e r ip o r ta l  zonal 
n e c ro s is . H, & E X 125®
F ig . 216* Guinea-pig l iv e r  5 hours Fig* 217* G uinea-pig l iv e r  4 hours
a f t e r  a l l y l  formate* Loss of a f t e r  a l l y l  formate®
glycogen from p e r ip o r ta l  zones. P .A .S . X 90®
P.A .S. X 90®
5^§Ky"
F ig . 218* Guinea-pig l iv e r  24 hours a f t e r  
a l l y l  formate* H. & E. X 60®
' ■ ;•• - v ' v Y "  - Y .
- VV; :
i ’ V Y  • ;•-, • • ■ . • • * . V s-
•> ■ V . V .
■ , . - < * >  -  V ;  '■ '  ’ ' • •  •, '  • O* ,y . . ». , /•• *-V vJi - .. f .t-. •. r  . ?■* «♦
>* *  •> • .• • 'CL.* . .
A • Y ^ -
Fig* 219® Guinea-pig l iv e r  24 
hours a f t e r  a l ly l  form ate. 
C en trilobu lar vein  a t  top , r ig h t .
H« & E« X 125 •
F ig . 220. Guinea-pig l iv e r  24 
hours a f t e r  a l ly l  form ate. Dense 
eo sin o p h ilic  c e l ls  ad jacen t to  
p o r ta l tra c ts*  H. & E. X 90.
*' ’" '  ; ‘ ” • v V ' ... ' . ;
~v^: ' '• •- . • Vy.
Fig* 221. G uinea-pig l iv e r  24 hours a f t e r  a l l y l  
fo rm ate. Band of massive necrosis  near bottom 
of photograph. H. H ,  X 90*
V w;<. 
• -' *: .. . *
-Y:‘
. . • • .  • J}p\
F ig . 222. Guinea-pig l iv e r  24 hours a f te r  a l ly l  
form ate. P erivascu lar haemorrhage.
H. & E. X 90.
. . » • •  A>‘ ;• ' r  , i ' •’
. j, -  » • :■ ; > * * . o.*.  ‘ - ,
•.. -’.*.vr•■:. .. z?.v
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Fig* 225* G uinea-pig l iv e r  2 days F ig . 224* Guinea-pig l iv e r  2 days
a f t e r  a l l y l  formate* a f t e r  a l l y l  fo rm ate . Phagocytosis
H. & E. X 100. of n ec ro tic  t i s s u e .  H. & E. X 150.
F ig . 225* E arly  regenera tion  of l iv e r  
follow ing a l ly l  form ate. Glycogen­
laden c e lls  a t  edge of regenera ting  
parenchyma.. PJWS. X 150.
F ig . 22b. G uinea-pig l iv e r  4 days 
a f te r  a l l y l  form ate. There is  no 
trace  of necrosis  hut lym phatics are  
d istended . H. & E. X 150.
r t  y  v ?
M s # g # f r - ^
isx ? ' % |
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TABLE XXX17
Experiment 6 -  Numbers of Animals Employed, and S ev erity  of 
L iver N ecrosis induced by A lly l Formate
Number o f guinea-pigs in  
each group
Percentage degree of zonal 
n ecrosis  su ffe red  by each animal
D uration
o f
poisoning
A lly l
form ate
+
C ortisone
A lly l
formate Cortisone
A lly l formate 
+
Cortisone A lly l formate
C o rti­
sone
1 hour 1 1 0 0 0 -
3 hours 1 1 0 0 0 -
5 " 1 1 1 0 0 0
1 day 5 5 1 90 ,80 ,30 ,0 ,0 50 ,30 ,30 ,30 ,
20
0
2 days 4 4 2 90 , 70, 0 ,0 50 , 50 , 0 ,0 0,0
5 " * 4 4 1 0 ,0 ,0 ,0 20 ,10 ,0 ,0 0
4 ” 1 1 1 0 0 0
5 " 1 1 1 0 0 0
T o ta l 18 18 7 1
Animals of the co n tro l (co rtiso n e  only) group were k i l le d  a t  in te rv a ls  
to  correspond with the o ther groupso
TABLE XXXV
Experiment 7 -  Numbers of Mice employed and 
D uration of Phosphorus Poisoning
D u ra tion  of po iso n in g
Hours D a  y s
Group 1 5 5 1 2 3 4 5 7 8 T o ta l
A# Phosphorus + 
C o rtiso n e  
K il le d 1 1 1 2 2 3 2 1 1 1 15
Pound Dead 0 0 0 4 1 0 0 0 0 0 5
B. Phosphorus a lone  
K ille d 1 1 1 3 3 3 2 l 1 1 17
Pound Dead 0 0 0 3 0 0 0 0 0 0 3
F ig . 227. Mouse l iv e r  1 day a f te r  Fig* 228* Mouse l iv e r  1 day a f te r
phosphorus. Hydropic and f a t ty  phosphorus. P o rta l t r a c t  on l e f t ,
degeneration of p e r ip o r ta l zones. H. & E. X 1 6 4 .
H. & E„ X 90.
%  .o '?  i * ' •
. r -v " ,  ' M  06
? • * * * -  -  /
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F ig . 229. Mouse l iv e r  1 day a f te r  phosphorus.
He & E. X 6 3 0 .
iT’WjfWT' ■
F ig . 230. Mouse l iv e r  2 days a f te r  F ig . 231. Mouse l iv e r  2 days a f te r
phosphorus. C en trilo b u la r vein  near phosphorus. Narrow zones of c e n tr i -
bottom r ig h t .  H. & E. X 150. lobular n e c ro s is . H. & E. X 1 5 0 .
F ig . 232. Mouse l iv e r  2 days a f te r  phosphorus. 
C en trilo b u la r vein and ad jacen t t i s s u e .
H. & E. X 630.
F ig . 233. Mouse l iv e r  3 days a f t e r  phosphorus.
II. & E. X 150.
F ig . 234« Mouse l iv e r  3 days a f t e r  phorphorus. 
C e n trilo b u la r Vein on l e f t .  „  „ _ v ~XI. & ill .  A
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STUDIES ON LIVER REGEHKRATICH WITH 
TRITIATED THYMIDINE
TABLES XXXVI to  XXXVII 
FIGURES 235 to  253
TABLE XXXVI
R a d io - a c t iv i t y  o f  L iv e r  S e c t io n s  and. M it o t ic  Counts a t  
I n t e r v a ls  a f t e r  -Thym idine and Carbon T e tr a c h lo r id e
1 Time a t  w hich k i l l e d  a f t e r ** * * *
---------
Mouse °/o  L iv er G as-flow M it o t ic
number -Thym idine CCI4 n e c r o s is cou n ts/m in # cou n ts
1 5 0 m inu tes 364- hours 3 0
|
5#60 5
2 1 hour 3 7 tt 5 0 46 .44 2 7
5 * 2 hours 3 8 11 5 0 4 0 * 8 3 9
4 * 5 tt 4 1 tt 5 0 1 0 5 . 4 1 8 1
5 * 5 tt 4 1 tt 5 0 ! 123.72 258
6 11 tt 4 7 tt 3 0 ! 1 4 . 7 7 1 4
7 11 tt 4 7 tt 5 0 ! 9 * 7 3 3
8 2 4 tt 60 tt 5 0 17*08 22
9 24 tt 60 tt 4 0 4 3  #55 466 I
10 2 days 3 i days 20 2 5 . 3 8 700
11 2 tt 3 i » 20 1 9 . 4 2 2 1 9
12 3 tt 4 i
4 i
tt 0 3 5 . 3 5 4 0 4
1 3 3 tt tt 10 5 . 9 0 4 3 5
1 4  * 5 tt 6# tt 0 3 9 . 3 0 0
15 6 ft 7 i it 0 3 3 . 5 5 3
16 * 7 tt &k u 0 4 9 . 2 0 0
1 7  * 10 « H i tt 0 11.12 1
1 8  * 1 4 tt I 5 i tt 0 4 0 * 4 1 0
1 9  * 21 tt 224- tt 0 116.80 0
20 28 ft 2 9 i rr 0 1 8 . 2 5 0 1
21 4 2 tt 4 3 i ft 0 7 9 . 9 9 0 |
22 * 5 6 tt 5 7 i tt 0 4 9 . 5 4
0
* I l l u s t r a t e d  (F ig s*  235 t o  249) .
** See F ig u r e s  206 t o  209#
*** C orrected  fo r  back-ground r a d ia t io n  and s ta n d a r d iz e d  f o r  mean
s e c t io n  paper w e ig h t and u n it  l i v e r  w e igh t#
**** S ta n d a rd ized  fo r  mean s e c t io n  paper w e ig h t and u n it  l i v e r  w eigh t*
F ig . 255* Mouse l iv e r  38 hours a f t e r  
CCI4 and 2 hours a f t e r  H^-thymidine• 
S inuso idal c e l ls  la b e lle d .
A utoradiograph; n e u tra l red X 150.
F ig . 236. Mouse l iv e r  41 hours a f t e r  
CCI4 and 5 hours a f t e r  H-'*-thymidine • 
Parenchymal and s in u so id a l c e l ls  
la b e l le d •
A utoradiograph; n eu tra l red  X 90.
<• *
Fig:. 237« Mouse l iv e r  41 hours a f te r  CCI4 and 5 hours a f t e r  
-thym id ine• Many parenchymal c e lls  labe lled*
A utoradiograph; n e u tra l red  X 1250
Fig* 238* Mouse l iv e r  41 hours a f t e r  CCI4 .
A utoradiograph; n e u tra l red  X 150.
• • .
'
F ig . 239• Mouse l iv e r  41 hours a f t e r  CCI4 . C e n tr ilo b u la r
ve in  and ad jacen t t is s u e .  S inusoidal c e l ls  and venous
endothelium lab e lled *  . , , .A utoradiograph; n e u tra l red  X 240*
. *
v i  ■
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P ig . 240. Mouse l iv e r  41 hours a f t e r  CCI4 . 
Inflammatory c e l l s  in  p o r ta l  canal la b e l le d .
A utoradiograph; n e u tra l red  X 150.
F ig . 241. Spleen  o f same an im al.
A u to rad iog raph ; n e u tra l  red  X 9 0 .
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P ig . 242. Mouse l iv e r  6 days a f t e r  
CCI4 . R egeneration complete. 
Autoradiograph; n e u tra l red  X 150.
P ig . 243* Mouse liv e r  6 days a f te r  
CCI4 . V ariable in te n s ity  in  l a b e l l ­
ing of l iv e r  c e l l  n u c le i. 
Autoradiograph; n e u tra l red X 90.
P ig . 244» Mouse l iv e r  8 days a f t e r  F ig . 245• Mouse l iv e r  15 days a f t e r
A utoradiograph; n e u tra l red X 240. Autoradiograph; n e u tra l red X 150.
.  a  '  * . . . . . .  .  . .
F ig , 246. Mouse l iv e r  22 days a f t e r  CCI4 .
A utoradiograph; n e u tra l red  X 90*
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P ig , 247« Mouse l iv e r  22 days a f t e r  CCI4 .
A utorad iograph; n e u tra l  red  X 630*
P ig , 248, Mouse l iv e r  11 days a f te r  CCI4 . Four 
l iv e r  c e l l  n u c le i la b e lled  in  th is  f i e ld .
A utoradiograph; n eu tra l red X 150,
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P ig , 249* Mouse l iv e r  8 weeks a f t e r  CCI4 , Numerous
l iv e r  c e l l  n u c le i  la b e l le d .
A utorad iograph; n e u tra l  red  X 150.
V* w r ^V « • “ _r o
vJ-®» fl*■a u >
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F ig , 250. Mouse ad renal gland 8 days a f t e r  CCI4 , 
A utoradiograph; n e u tra l  red  X 150®
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F ig , 251. Mouse re n a l  c o rte x  15 days a f t e r  CCI4 .
A u to rad io g rap h ; n e u tr a l  red  X 24u*
TABLE XXXVII
Liver Weights and R adio-activ ity  of Liver Sections 
a fte r  -Thymidine and P artia l Hepateotcgny
Mouse
liv e r
Weight of  
liv e r  
excised
—  ---------------- ------------------------
Times a t which k ille d  
a fter
,  P artia l 
H -Thymidine hepatectomy
Weight of 
liv e r  a t  
autopsy
*
Counts/
minute
1 1.13 g . 1 clay 2|  days O.46 g . 1.39
2 1 .12  g. 1 « 2 i  " 0.41  go 2.86
3 0.94 g . 2 days 3 i  " 0.54 g . 4.27
4 1 .2 0  g . 4 " 6 » 1.13 g. 18.95
5 1 .01  g . 7 " 9 11 1.24 g . 25.22  1
6 1.14 8* 14 " 16 ” 1.40 g . 18.25
7 1.25 g . 28 " 50 »’ 1.71 g* 19.20
* Corrected for hack-ground radiation and standardized fo r  mean 
section  paper weight and unit weight of regenerating liver*
TABLE XXXVII
L iv e r  W eights and R a d io -a c tiv i ty  o f L iv er S ec tio n s  
a f t e r  -Thymidine and P a r t i a l  Hepatectomy
1
Mouse
l iv e r
■......... . ■
Weight of 
l iv e r  
excised
Times a t  which k i l le d  
a f te r
P a r t ia l  
H -Thymidine hepatectomy
Weight of 
l iv e r  a t  
autopsy
*
Counts/
minute
1 1.13 g . 1 day 2i  days O.46  g . 1.39
2 1 .12  g. 1 ” 2*  " 0.41  go 2.86
3 0.94 g . 2 days 3 i  " 0.54 g . 4.27
4 1 .2 0  g . 4 " 6 " 1.13 g . 18.95
5 1 .0 1  g . •J 1! 9 I .24  g . 25.22
6 1.14 s* 14 ” 16 " 1.40 g . 18.25
7 1.25 g . 28 H 30 ” 1.71 g . 19.20
* C o rrec ted  fo r  hack-ground r a d ia t io n  and s tan d a rd ized  f o r  mean 
s e c t io n  paper w eigh t and u n i t  w eight of re g e n e ra tin g  l i v e r .
,  +
. \  x
F ig , 252, Mouse l iv e r  16 days a f t e r  p a r t ia l  
hepatectomy and 14 days a f te r  -thym idine.
A utoradiograph; n e u tra l red X 150.
st* /x . . * 3
'  if! . o
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F ig , 253* Same specimen showing evidence of 
b i le  duct e p i th e l ia l  reg en era tio n .
A utoradiograph; n eu tra l red X 630*
P A R T  Y
STUDIES WITH S^-LABELLKD AMINO-ACIDS 
IN EXPERIMENTAL LIVER DISEASE
TABLES XXXVIII to  XLI7 
FIGURES 254 to  332
TABLE XXXVIII
Experim ent 1 -  The E f fe c ts  o f Va r ia b le  Boses o f 
Bromobenzene on Mice
Mouse
number
Bose o f 
bromobenzene 
m l*/100 go 
body w eight
Bied ) I n te r v a l  
or ) a f t e r  
k i l l e d  ) bromobenzene
3
4
5
6
7
10
11
12
0.025
0.025
0.050
0.050
0.075
0.075
0.100
0.100
0.150
0.150
0 .200
0.250
K ille d
K ille d
K ille d
K ille d
K ille d
Bied
K ille d
B ied
Bied
Bied
B ied
Bied
24 hours 
46 hours
24 hours
48 hours
24 hours
12 hours
24 hours
?24 hours
12 hours
7 hours 
1 hour 
40 m inutes
Gross appearance 
of l iv e r
S lig h t  zonal n e c ro s is
Zonal and m assive 
n e c ro s is
Zonal and m assive 
n e c ro s is
Zonal and m assive 
n e c ro s is
Zonal and m assive 
n e c ro s is
I n d is t in c t  m assive 
n ec ro s is
Zonal and m assive 
n e c ro s is
Zonal and m assive 
n e c ro s is
I n d is t in c t  massive 
n e c ro s is
Congested
Congested
Congested
TABLE XXXIX
Experiment 2 -  Changes in  Mouse Liver a t Intervals  
a fter  Bromobenzene Intoxication
Mouse
number
Bose o f  
bromobenzene 
ml./lOO g .  
body weight
Interval between 
bromobenzene 
adminis tration  
and k il l in g Appearance of liv e r
1 0.050 1 hour No abnormality detected
2 0.050 1 11 No abnormality detected
3 0.050 3 hours Early degenerative 
changes
4 0.050 4 n Early degenerative changes
5 0.050 7 u Early degenerative changes
6 0.050 8 it Early degenerative 
changes
7 0.050 11 it Hydropic degeneration and early necrosis
8 0.050 12 ti Hydropic degeneration and early necrosis
9 0.050 24
»i Zonal and massive 
necrosis
10 0.050 2 days Zonal and massive necrosis
n 0.050 3 ti Advanced regeneration
12 0.050 4 t» Zonal necrosis healed Massive necrosis  
p ersists  j
F ig . 254 • Two liv e rs  from mice 24 hours a f t e r  
bromobenzene• A n terio r a sp ec t. X 2.
Fig# 255. P o ste rio r aspect of same l iv e r s .  X 2.
F ig . 256. Mouse l iv e r  7 hours a f t e r  bromobenzene. 
D iffuse b a so p h ilia  of c e n tr ilo b u la r  c e l l  cytoplasm .
Giemsa’s s ta in  X 188.
gSSlglT  - .* -
F ig . 257. Mouse l iv e r  7 hours a f te r  bromobenzene. 
Loss of glycogen from c e n tr ilo b u la r  zones.
p j u s . x  1 2 5 .
i O K
la S m m & r.
F ig . 258. Mouse l iv e r  24 hours 
a f te r  bromobenzene. Mid-zonal 
hydropic degeneration .
P.A.S. X 90.
F ig . 259» Mouse l iv e r  2 days a f te r  
bromobenzene. Mid-zonal n e c ro s is .
P.A.S. X 90.
i Vr-rj *.
.w'y
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F ig . 260. Mouse l iv e r  2 days a f te r  F ig . 2 6 l. Mouse liv e r  24 hours 
bromobenzene. Severe zonal a f te r  bromobenzene. Massive
n e c ro s is . P.A.S. X 60. n e c ro s is . Giemsa’s s ta in  x 60.
F ig . 262. Mouse l iv e r  24 hours a f te r  bromobenzene. 
C en trilo b u la r zonal degeneration and massive n e c ro s is .
Giemsa's s ta in  X 7 5 •
F ig . 265. Mouse l iv e r  24 hours a f te r  bromobenzene. 
Mid-zonal degeneration and massive n e c ro s is .
P.A.S . X 75 •
F ig . 264• Mouse l iv e r  3 days a f te r  bromobenzene* 
R egeneration follow ing mid-zonal n ec ro s is .
P.A .S. X 180.
m m
F ig . 265. Mouse l iv e r  3 days a f te r  bromobenzene. 
P e rs is te n t massive n e c ro s is . II. & F. X 60.
Normal mouse l iv e r
F ig . 267* Autoradiograph of same l iv e r .  K illed  
24 hours a f t e r  5-m ethionine• X 60.
TABLE XL
35E xperim en ts  3 to  7 -  Numbers o f  Mice t r e a te d  w ith  S -m e th io n in e  and L iv e r  P o iso n ,
and R a d io - a c t iv i ty  o f  L iv e r  S e c t io n s
E xperim ent
number
Mouse
number
Hours a t  which 
35S -m e th io n in e
k i l l e d  a f t e r  
Bromobenzene
* *
C ounts/
m inute
3 1 1 310.5
2 5 - 334 .4
3 * 24 - 265.5
4 48 - 340.0
5 96 — 251.7
4 1 25 1 480.0
2 25 1 193.8
3 * 28 k 3 0 2 .1
4 28 k 421.5
5 * 32 8 480.7
6 32 8 125.8
7 * 36 12 277.7
8 36 12 368.9
9 * 48 2k 321.0
10 48 2k 446.2
5 1 * 7 8 685.1
2 * 2k 25 3 2 6 .0
3 2k 25 332.7ij, * 20 2k 482.5
5 20 2k 154.8
6 * 16 28 335.8
7 * 2k 48 154.1
8 * 48 96 845.1
E xperim ent
number
Mouse
number
Hours a t  which k i l l e d  a f t e r  
35S -m e th io n in e  CClij.
*
Counts
m inute
1 * 25 1 565 .0
2 25 1 1 78 .0
3 28 4 3 0 8 .0
4 28 4 2 8 2 .4
5 * 32 8 2 27 .5
6 32 8 7 8 .0
7 36 12 3 2 5 .1
8 36 12 3 1 5 .1
9 * 48 24 354 .0
10 48 24 257 .8
1 * 6 7 40 2 .1
2 24 25 11 5 .7
3 20 24 3 0 6 .7
4 16 28 1 74 .8
5 * 24 48 2 2 6 .6
* I l l u s t r a t e d  (F ig s ,  266 to  2 9 7 ).
** C o rre c te d  fo r  back-g round  r a d i a t i o n  and s ta n d a rd iz e d  fo r  
mean s e c t io n  p ap er w eigh t and u n i t  l i v e r  w e ig h t.
mF ig . 268. Mouse l iv e r  4 hours a f te r  F ig . 269. Autoradiograph of same
hromohenzene. E. & E.  X 60. l iv e r  28 hour-s a f te r  -m ethionine•X 60.
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F ig . 270. Mouse l iv e r  8 hours a f t e r  
bromobenzene. H. & E. X 60.
F ig . 271. A utoradiograph o f sane liver
32  hours a f t e r  s55 -m eth io n in e .
X 60.
F ig . 273« Autoradiograph of same 
l iv e r  36 hours a f t e r  S35-methionine.
X 60.
F ig . 272. Mouse l iv e r  12 hours 
a f t e r  bromobenzene. ^  ^ _g# x 60.
F ig . 274. Mouse l iv e r  24 hours 
a f t e r  bromobenzene• Upper p o rtion  
n e c ro tic . H. & E. X 90.
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F ig . 275« Autoradiograph of same 
l iv e r  48 hours a f te r  S-^-m ethionine.
x 90.
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F ig . 277. Autoradiograph of same 
l iv e r  7 hours a f te r  S^5-m ethionine•
X 60.
F ig . 276. Mouse l iv e r  8 hours 
a f te r  bromobenzene.
H. & E. X 60.
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Fig , 278. Mouse liv e r  25 hours 
a f t e r  bromobenzene.
H. & E. X 60.
F ig . 279* Autoradiograph of same 
liv e r  24 hours a f te r  S^5-m ethionine.
X 60.
F ig . 280. Mouse l iv e r  24 hours 
a f t e r  bromobenzene.
H.& E. X 60.
F ig . 281. Autoradiograph of same
liv e r  20 hours a f te r  S^5-meth io n in e .
X 60.
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F ig . 282. Mouse l iv e r  28 hours 
a f te r  bromobenzene.
H. & E. X 90.
F ig . 283• Autoradiograph of same 
l iv e r  16 hours a f te r  -m ethionine.
X 90.
F ig . 284« Mouse l iv e r  48 hours 
a f te r  bromobenzene•
H. & E. X 90<
F ig . 285* Autoradiograph of same 
l iv e r  24 hours a f te r  s55-m ethionine.
x  9 0 .
m
Fig . 286. Mouse l iv e r  96 hours
a f te r  bromobenzene. „
H* oc ill • A OU#
ig .  287* Autoradiograph of same 
iver 48 hours a f te r  S-'--methionine •
X 60.
F ig . 288. Mouse l iv e r  1 hour F ig . 289. Autoradiograph of same
a f t e r  CCl/i. l iv e r  25 hours a f te r  S -m ethionine.
X 90. X 90.
F ig . 290. Mouse l iv e r  8 hours F ig . 291 . A utoradiograph of same
a f t e r  CCl^. x 9 0 . l iv e r  32 hours a f t e r  5 -m eth ion ine .
« .tS&fcwl!
F ig . 292. Mouse l iv e r  2 4  hours a f te r  CCI4 .
H. & E. X 60.
F ig . 293. A utoradiograph of same l iv e r  48 hours
a f t e r  S^5-m ethionine. X 60.
Mouse l iv e r  7 hours a f te r  OCI4
H. & E. X 60
Fig* 295* A utoradiograph of same l i v e r  6 hours
a f t e r  s35-m eth ion ine* X 60«
5^0-tw:,v,-_
Fig* 296 * Mouse l iv e r  48 hours Fig* 297* Autoradiograph of same 
a f te r  CC1/* l iv e r  2 4  hours a f t e r  S55-methionine.
H. & E.X 60* X 60.
-'/-I'. ■*’^ j . ‘ < '--"'*' ?*•' \- f ~ ' 5  - V  >*■■• v * / *  “•’ / > ' . 'V » • * , ' ■-•A
• ;^ " .f .V " ; . . . .v  ; v  • v ... •' -v .,■  =>* '•■ ,»_"
.;; ;J V;' •' • »? 'V „-r-r.
& |
rn t  W
■5f& I?'£?i W i ,5£;- •:/'; s.:*;’>■•' •/
: v-S; ; - ': ' ■ : • ■■ ' :  ■‘V v V V Y ''  . / v  •
:' ..<■ !r« .. * --' ■:>■.«,.:■■■ n s$  v ; ' 4  - •  ^ -V > ^J
-■ ••. ■■■•";'■ :.;•■■••:':••'■••
Normal mouse l iv e r
F ig . 299 , A utoradiograph of same l iv e r  24 hours
a f t e r  S*5-cystine®  X 60*
TABLE XLI
35Experim ents 8 to  12 -  Numbers o f Mice tr ea ted  w ith S - c y s t in e  and L iv er  Poison,
and R a d io -a c t iv ity  o f  L iver S e c t io n s
Experiment
number
Mouse
Number
Hours a t which k i l l e d  a f te r  
35S - c y s t in e  Bromobenzene
* *
C ounts/
minute
8 1 1 _ 118.8
2 5 - 1 3 3 .0
3 * 24 — 1 2 8 .4
4 48 - 9 8 .4
5 96 — 92 .9
9 1 * 25 1 8 5 .9
2 25 1 75 .9
3 28 4 13 2 .0
4 28 4 5 8 .5
5 * 32 8 8 9 .4
6 32 8 126 .7
7 * 36 12 9 8 .9
8 36 12 82.8
9 * 4-8 24 61 .5
10 48 24 7 3 .5
10 1 * 11 12 3 8 .9
2 2 k 25 8 8 .8
3 2 k 25 88 .14. * 20 24 70.0
5 20 24 40 .9
6 16 28 4 4 .4
7 * 2 k 48 40 .8
8 48 96 271 .2
Experiment
number
Mouse
number
Hours at which 
35S -c y s t in e
k i l l e d  a f te r  
CCl^
*
Counts/
minute
1 25 1 9 8 .4
2 25 1 75 .0
3 * 28 4 114 .0
4 28 4 3 7 .9
5 * 32 8 76 .3
6 32 8 4 9 .8
7 * 36 12 67 .3
8 36 12 9 5 .7
9 * 48 24 -
10 * 48 24 55 A
1 6 7 201.6
2 * 24 25 55.5
3 20 24 150.7
4 16 28 31.8
5 * 24 48 93 .^
11
12
I l lu s t r a t e d  (F ig s .  298 to 327)*
** C orrected for back-ground ra d ia tio n  and standard ized  for  
mean s e c t io n  paper weight and u n it  l i v e r  w eigh t.
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Fig* 300* Mouse l iv e r  1 hour 
a f t e r  hromobenzene.
II. & E. X 60.
F ig . 302* Mouse l iv e r  8 hours
a f te r  hromobenzene.
H* & E. X 60.
F ig . 301. Autoradiograph of same 
l iv e r  2 5  hours a f te r  -c y s tin e .
X 6 0 .
F ig . 303* A utoradiograph of same
l iv e r  32 hours a f t e r  o 3 5 -c y s tin e .
X 60.
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F ig . 304. Mouse liv e r  12 hours F ig. 305. Autradiograph of same 
a f te r  brcmobenzene. l iv e r  36 hours a f t e r  3 ^ - c y s t in e .
H. & E. X 60. X 60.
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F ig . 306. Mouse l iv e r  24 hours 
a f te r  hromobenzene•
Fig. 307* Autoradiograph o f sam 
l iv e r  48 hours a f t e r  3^3-c y s tin e .
F ig . 308. Mouse l iv e r  12 hours 
a f te r  hromobenzene.
H. & E. X 90.
F ig . 310. Mouse l iv e r  24 hours
a f t e r  brcmobenzene.
H. & E . X 90.
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Fig. 309« Autoradiograph of same 
l iv e r  11 hours a f te r  s3 5 -cy s tin e •
x 90.
Fig. 311* Autoradiograph of same 
l iv e r  20 hours a f te r  5-c y s tin e .
x 90 .
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Fig . 312. Mouse l iv e r  48 hours a f te r  hromobenzene.
H. & E. X 90.
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F ig .  313* A utoradiograph of same l i v e r ,  but not comparable
f i e l d s ,  24 hours a f t e r  S2 2 - c y s t in e .
N eu tra l red  c o u n te rs ta in  X 90.
F ig . 314® Mouse L iver 4 hours 
H. & E, X 90®
a f te r  CCl^.
F ig . 315® A utoradiograph of same
i-rfi p.f'tPT’ fXP-fr,l iv e r  28 hours a f t e r  S' -cy s tin e .
X 90o
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F ig . 316. Mouse l iv e r  8 hours F ig . 317* A utoradiograph of same 
a f t e r  CCI4 . l iv e r  32 hours a f t e r  s 3 5 -c y s tin e .
H. & E. X 60. X 60.
F ig . 318® Mouse l iv e r  12 hours a f te r  CCI4 .
H. & E. X 90.
F ig . 319® A utoradiograph o f same l iv e r  36 hours
a f t e r  3^5- c y s t in e .  X 9 0 .
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F ig . 320. Mouse l iv e r  24 hours 
a f t e r  CCI4 .
H. & E. X 60.
F ig . 321. Autoradiograph of same
l iv e r  48 hours a f te r  S ^ -c y s t in e  •
X 60.
F ig . 322. Mouse l iv e r  24 hours
a f te r  CCI4 . •^  H. & E. X 90.
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F ig . 323* Autoradiograph of same 
l iv e r  48 hours a f te r  s3 5 -CySt in e .
X 90.
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F ig . 325. A utoradiograph of same 
l iv e r  24 hours a f t e r  S^5-CySt i n e •
x 90 .
F ig . 327® A utoradiograph of same 
l iv e r  24 hours a f t e r  s 5 5 -c y s tin e .
X 60.
TABLE XLII
Experim ents 3 to  12 -  Summary o f  R e su lts
Experiment 35S in  l iv e r
35S "  -methionine -  normal l iv e r D iffuse uptake
35S -methionine followed by 
hromobenzene
S lig h t dep le tion  in  in ta c t  tissu e
35Brcmobenzene followed by S -  
methionine
Depletion in  damaged tissu e
35S -m ethionine followed by CCl^ S ligh t dep le tion  in  in ta c t  tissu e
35CCI4 followed by S -methionine Depletion in  damaged tis su e
35S -c y s tin e  -  normal l iv e r Diffuse uptake
35S -cy stin e  followed by 
hromobenzene
Depletion in  in ta c t  tissu e
35Bromobenzene followed by S -  
cy s tin e
S light depletion  in  in ta c t  t is su e
S ^ -c y s t in e  followed by CCI4 Depletion in  in ta c t  tissu e
35CCl^ follow ed by S " -c y s t in e Depletion in  in ta c t tis su e
TABLE XLIII
Experiment 13 -  Changes in  Rat Liver a t  In te rv a ls  
a f te r  S thionine In to x ica tio n
Bat
number Dose of eth ionine
In te rv a l between 
f i r s t  dose of ethionine 
and k i l l in g
Appearance of 
l iv e r
1 0.05 £• 1 hour N.A.D.
2 0.10 g . 4 hours N.A.D.
3 0.15 £>• 8 hours N.A.D.
4 0.20  g . 12 hours Pat t
5 0.20  g. 24 hours Fat ++
6 0.20  g . 2 days Fat +++
7 0.20  g . 5 days Fat +
8 0.20  g . 5 days Fat t
F ig 9 320 9 A n terio r aspect of two r a t  l iv e rs .  Normal on 
le f t . ,  e th io n in e -trea ted  on r ig h te
X 1 .5.
- V . - .  f i  V; •• , *. "■
*V- ' • *• •- • Vl !•;'«> T \o  v  *•- <> - * * r. ;v ' •: =
F ig . 329o Rat l iv e r  24 hours a f te r  
of e th io n in e .
F ig . 330. Rat l iv e r  24 hours a f te r  f i r s t  d03e 
of e th ion ine .
Sudan IV & Haematoxylin X 60.
f i r s t  dose
& E. x 75*
TABLE XLIV
35Experiments 14 to  17 -  Numbers of Eats tre a te d  with S -Aminovaoids 
and E th ion ine, and R ad io -ac tiv ity  o f Liver Sections
Experiment
number
Rat
number
Hours a t  which k i l le d  a f te r
35 35 S -Methionine S -Cystine Ethionine
*
Counts/
minute
14 1 1 1160
2 5 mm - 1049
3 24 mm - 1128
4 48 - - 77 6
5 96 - mm 944
15 1 26 • 2 1169
2 28 m 4 1237
3 31 - 7 1283
4 36 - 12 856
5 48 mm 24 812
6 72 mm 48 613
7 96 mm 72 740
16 1 e* 1 mm 340
2 m. 5 - 377
3 — 24 mm 299
4 - 48 rm 372
17 1 26 2 416
2 mm 28 4 272
3 _ 31 7 409
4 48 24 187
5 m 72 48 292
* Corrected fa r  ‘back-ground ra d ia tio n  and standardized fa r mean 
sec tio n  paper weight and u n it l iv e r  weight#
Fig« 331* Rat l iv e r  24 hours a f te r  f i r s t  dose of ethionine
and 48 hours a f te r  S35-m ethionine» . , , .  , v __^ Autoradiograph X 50*
i ^t.y■SI*'
F ig . 3 3 2 . Rat l iv e r  24 hours a f t e r  f i r s t  dose of e th ion ine
and 48 hours a f te r  S ^ - Cy s t in e .  Autoradiograph X 50.
